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Arithmetick and Geometry , with the Solution of 
their Equations in Numbers. 

By a Univerſal Method of Extracting the Roots out of 
all Kind of Equations, either Pure or Adtected, with 
great Eaſe and Expedition. 


Applied to finding the Area and periphery of the CI Re k, 
and the Solidity and Superfic ies of the Sv uf AE; making 
of — Tangent and Logarithms, with great Facility.” 


OS To which is Added, 
A TREATISE of IN TEREST and AN NUITI ES, 
taking of Leaszs, Cc. With all their Various 
Caſes, either at Simple or Compound Intereſt, 


ſtrated, and expreſs'd in Words at length. 


Alſo RU LES to be obſerved in Eſtimating the Value 
of Aunnities, and 2 for Lives, &c. 


By Jon N Wax b, of Cheſter ; 


— Chief Surveyor and Ganger-Goncral inthe Exciſe. 


perform 'd by Theorems or Rules plainly demon-| 
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SET may be expected I ſhould hero 
eie the Reader ſome Account 
Sl of the enſuing Treatiſe, more 

yl har is done in the Title-Page; © 
and of the Motives that induced 
me to publiſh it. I think it 


2? needleſs to enumerate the particular Advan- 
tages that accrue to Mankind from the Effetts 


Mathematical Learning in general; there- 
ore ſhall only give the Reaſons for my firſt pub- 


2 /iſhing this Compendium, (Anno 1695.) 


Having many Tears ago made ſome pro- 
preſs in thoſe Studies, eſpecially in Algebra, 
| the which ] perceived to be ſo very uſeful in 
the whole Series of 


the Mathematicks ; that 
A 2 = . 
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iv The PRE FAC ON 


T concluded it might juſtly be called the Ker- 
nel or Seed (as it were) of thoſe Studies and 


therefore que may adventure to ſay, That % 
whoever makes himſelf once Maſter of that | 


Science, it will give him ſuch a Habit of cloſe 


Thinking, and true Reaſoning in that ſort 


of Learning, that he need not be afraid to 


venture upon any Branch thereof, becauſe "tis © 
Science by which the moſt Abſtruſe or Dii- 


cult Problems, either in Numbers, or Geo- 


metry, are not only reſolved, but demonſtra- 
ted: And jtherefore tis ſometimes called A- 


rithmetick in Specie, (as by Dr. Wallis;) and 
ſometimes tis call d Modern Geometry; par- 


ticularly the Learned and Ingenious Mathe- (i 
matician Dr. Halley, the | Royal Aſtronomer, 1 


writes thus of it : 


© The Excellency of the Modern Geometry 


* (meaning Algebra) is in nothing more ce. 
deut (ſaith he) than in thoſe full and ade- 7 
© guate Sobitions it gives to Problems; repre- © 
( ſeutiug all the poſſible Caſes at one View, 
and in one General Theorem many times 
© comprehending whole Sciences; which being © 
© deduced into Propofitions at length, aus 
domonſtrated after the manner of the Au- 
« tients, might very well become the Subjects 
of large Treatiſes : For whatſoever Theo- 
rem folves the moſt complicated Problem of © 
© the Kind, does with a due Reduttion reach 


all the Subordinate Caſes. 
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The PREFACE. 


# Here you have the Opinion of one of the. 
oſt Eminent Mathematicians in Europe 
concerning Algebra; and as a Confirmation. 
thereof, he hath given an undeniable Inſtance 
#1 the Dottrine of Dioptricks, for finding 

The Foci of Optick Glaſſes univerſally. Vide 
Phil. Tranſ. Numb. 205, 


2: Theſe Truths have often cauſed me to won- 
der that ſo valuable a Science was not more 
talen notice of, eſpecially among ſt ſuch Per- 
ſons, as had both a Genius and Fancy that 
"way. But when 1 conſider d that there were 
(in thoſe days) but few Books in Engliſh 
which treated on that Subject; and tboſe 


"were either in large Volumes (as Kerſey' s 


Works in Folio;) or if otherwiſe, they were 
* wrote in ambiguous Terms, hard to be under- 
food, (as Mr. Oughtred's Key to the Mathe- 
*maticks :) So that many who had a defire of 
gaining ſome knowledge in that Art, perhaps 


either wanted Time, or other Conveniencies 


* ſuitable to the peruſal of ſuch Authors: And 
ot only ſo, but Toe heard ſeveral Ingenious 


: Perſons (pretty well vers d both in Geometry 


and Aſtronomy) ſay they wholly declin'd med- 


_ 2 dling with Algebra, becauſe of the Difficulty 


+ of Reſolving Adfetied Equations above the 
2 Third Power into Numbers; there never ha- 


ding been any Method preſcribed for performs 
/ 


lug that difficult Part, until My. Joſeph 
2 Raphſon publifh'd a Tratt in Latin (1690) 
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being acquainted with that Myſterious Sci— 
ONE „ 


Fr theſe Reaſons, ſoind with a Willing- 
compoſe this Compendium; contracting it 

into as narrow a Compaſs as poſſibly I could, 
it mig bt be a Pocket Companion. How well 


it hath anſwer'd my Intentions, doth fully 
appear from the Reception it hath already © 


N ; | | 
vj The PREFACE. 1 
the Title of Analyſis Univerſalis ; which b 
d in a great meaſure anſwer what was be- 
fore. wanting, but not without ſome Diſi- 


Theſe Conſiderations prevailed with me to 
think, that if there were ſome ſmall Trea- 
tiſe in Engliſh, which began with the firſt © 
Rudiments of Algebra, and proceeded gra- 
dually on through the ſeveral parts of it, 
plainly ſhewing how to form, and bring any © 
Problem to an Equation, and then to reſolve 
that Equation into Numbers, tho it were 
never ſo high or adfetied, with Eaſe and Ex- 
pedition; ſuch a Treatiſe muſt needs be very 
acceptable to all thoſe who had a deſire of + 


neſs to promote Mathematical Learning, I 
did (according to the beſt of my Abilities) * 


both for the Conveniency of Price, and that 


found in the World : For tho) there were a- 


Joie a Thouſand of them printed iff in the * 3 

firſt Impreſſion, yet in a few Tears it became * 

ſo ſcarce, that it ws for more than dou- 15 
ble the firſt Price. Th 4 


e which, and the fre- 


I The PREFACE Vij 
guent Demands for it, induced the Book- 
eller to defire it might be reprinted : And 
F. in order to that, he prevailed with me to 


TFeviſe and prepare it for a new Impreſſion ; 
iy 5 done, and not onl 
"which accordingly I have done, and not only 
fo, but I have made ſeveral large Additions 


1 Fir t, There is pre fixed (by way of Tytro- © 
dudtion) that Uſeful Part of Numbers called 
ZDecimal A rithmetick, zwhich was omitted and 
nuch wanted in the firſt Impreſſion. 


There is alſo added a whole Chapter of 
managing ſuch Surd Quantities as may (and 
of Otten do) ariſe in bringing Problems to an 

- Equation. % ù N 
j I have added ſeveral pleaſant Arithmeti- 
ca Queſtions, Nc. But above all, . 


2 There is added an Eaſy Method of finding 
„ be Circles Periphery and Area; with the 

lite for finding the Superficies and Solidity 

1, 5 | | (7 : 77 «oy... bs | 

"of any Sphere or Globe; all their Proportions 

1] 2 being traced from the Original or firſt Prin- 

„ ciples of Geometry, proved by a very plain 


4 3 and ealy Demonſtration. 


There are likewiſe added two different. 

3 Methods of making Natural Sines and TJau- 

„ gents, demonſtrated with Examples of their 
Calculations at large. 55 
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viij The PREFACE. 


Theſe, with ſeveral other Improvements, Te 


the Reader will find in the Algebra Part of P. 
7915 Treatiſe. N | 


Jo the firſt Impreſſion of that Part, there 
was annexed a ſhort Appendix concerning 
| Intereſt and Annuities, to be perform'd by © 
Aleebraick Theorems only: which was rather 
to ſhew what might be done by the Pen, with. 
out the help of a great many Tables of ſeveral ® 
Rates, than for common Prattices  \ 


* 
RAE 


Aud therefore T reduced thoſe T heorems int © 
Practical Rules expreſs d in Words at length, © 
and printed them in a ſmall Tratt (Anno 
1710) by the Title of Clavis Uſuræ, or a Key * 
to Intereſt, both Simple and Compound, gc. 


That Tratt the Bookſeller defired might be 
f0ir'd to the Algebra Part of this Treatiſe, * 
znſtcad of the above-mention'd Appendix. 


Jo this are added ſeveral Theorems with 
their Demonſtrations; and in order to ren- © 
der the whole Buſineſs of Intereſt and Annui- * 
ries plain and eaſy to be underſtood, tis all © 
expreſs'd in Words at length, with Variety 
of Examples in all their Caſes, both as to © 
different Rates of Intereſt, and Times of 4 
Payments, with all the Operations at large. 


For alth Rules are never ſo well expreſs'd © 
an Words (according to the Author's Senſe) * 


1 The PREFACE ix 
pgdiet there may (and often does) ariſe ſome 
nts, Jeeming Diffulties in them, which Exan- 
r Ples may help to explain and render eaſy. 


Thus you have an Account of the enſui 7 
vere Pages, which I hope will be found Uſeful, 
ing according as it is intended and defired 
7 VVV 
3 E Cheſter, 5 7 By J. W. 
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the Roots (in Numbers) of all pure or ſingle Equations. 
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Chap. 5. Of Surd Quantities. 
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Chap. 7. 7 he Nature of Equations, and the Method 9 'P 


Reſolving Queſtions, &c. 


— 38 


Chap. S. Containing twelve Arithmetical Que ions, pro- 


poſed to introduce a young Algebraiſt into he Art. 44 


verging Series. 


them Angular Sections, with their Solutions in Num 
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and its Superficies, proved by a very eaſy Demonſtra- 
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INTRODUCTION 


Conſiſting of 


: Decimal Arithmetich. 
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HERE take for granted, that the Rea- 
der is well acquainted with Vulgar A- 
rithmetick, eſpecially with the four 
common Rules, vig. Addition, Sub- 
traction, Multiplication, and Diviſion 
of Whole Numbers. „ 
4 But becauſe the Calculations in this 
Treatite, vis. both thoſe in the Solution of Algebraick 
Equations, as alſo thoſe in Computing of Intereſt, &c. 
require a competent Knowledge of the aboveſaid Rules 
in Decimal Parts, which perhaps he is not ſo well ac⸗ 
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quainted with; I have therefore thought it neceſlary 
in this Impreſſion to give a brief account of thoſe Rules, 
that ſo he may not be unprepared for what follows. 

Note, The want of this was complained of in the 


B | | Sets | 
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firſt Impreſſion. 
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\ 
1 Decimal Arithmetich. . 


Sect. 1. Notation of Decimals. 


Any thing which is called One, (whether it be Coin, * 
Weight, Meaſure, or Time, &.) as one Foot, one Vary, 
one Pound, one Shilling, one Tear, or one Day, & 
we conceive it to be avi, into ten equal Parts, and 


every one of thoſe Parts, are ſuppoſed to be ſub-divided 


into other ten equal Parts; and ſo on by a Decima 


The Unit, or 1, being thus divided by Imaginatior 
into 10. 100. 1000 . or 10090 &. equal Parts at plex 
ſure, any Number of thoſe Parts may be as eafily ex. 


Diviſion (vis. by Tens) ad inſinitum. 


preſs'd and ſet down as whole Nmbers, they being on!) 
_ diſtinguiſhed and known from whole Numbers, by a 


Comma, or Point, as in the following Table: 


| Whole Numbers. Decimal Parts. 
5 4.3 2:1 0,72 3" 4.5 6 
DIDSIDISOSISSO 
= oY OS . 2 2 
Cu ĩ ͤ ̃ RN SYS WH 
N 0. B+ W 
1 F 828 28 8 88.8. 
„ TOI 
VI | SI. 040:0-0-9 
FE . * DO . 
1 0-000 -9 
| AS V 8 8 8 
„2 1 8 
* we. © 
DV . 2 RX : 
D . ; 
8 | 


From this Table nod iony appear, 
1. That, as whole Numbers do increaſe or become 


greater from the Cyit's Place towards the Left Hand, 
by a ten- fold Proportion: ſo Decimal Parts do decreaſe 
or become leſs from the it's Place towards the Right 3 


Hand, in the fame Proportion, viz. by Tu. 
2. That the Decimal Parts are only ſeparated and 


known from Whole Numbers by a Point, or Comma, and 3 
take their Denomination from their Diſtance below the 1 


Unit's Place towards the Right Hand. 


0,25 1825 parts of a Hundred. 
0,657 is 657 parts of a 7 /9ſand, &c. 
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9 Diecimal Arithmetick. 


22 


3. Cyphers being annexed to Decimal Parts, alter 
got their Values; that is, thoſe Cyphers do neither in- 
&reaſe nor decreaſe the Value of the Parts they are an- 
mnexed to. | | 5 | 
Thus 0,5 0,50 0,500 o, 5000 Sc. are each of them 
but five tenth parts of a Unit or 1. 5 
4. But Cyphers prefixed: before Decimal Parts, do de- 
creaſe their Value, by removing them further from the 
Comma, or Unit's place. 255 
=: -c,5 1s 5 parts © 

4 ThusF 0,5; is 5 parts of a Hundred. | 

* _. Eo,co5 is 5 parts of a Thouſand, &c. 
Eonſequently the true Value of all Decimal Parts is eaſily 
Known by their diſtance from the Unit's place (as above :) 
Which being well underſtood, the following Rules will 
be found very eaſy. 5 . 


Sect. 2. Addition and Subſtraction 7 
1 11 JO Sos 

Having ſet down all the propoſed Numbers in their 
teſpective places, vig. every Figure, as well of the De- 
eimal Parts, as of the Whole Naunbers, directly under- 
* thoſe of the ſame Value, (or Name) which may 
be very eaſily done, if the Comma's, or ſeparating Points, 
are carefully placed directly one under another: | 
* CE Ada, or Subſtraft them as if they were all 

I whole Numbers; and from their Sum, or Dif- 
ference, cut off, by the ſeparating Comma, ſo 
many places of Decimal Parts, as there are in 
= any of the given Numbers. ” 


Examples in Addition. 
Let it be e to find the Sum of 42,25 and 2,45 
and 29, 9, and 7,054. Theſe Numbers being rightly ſet 
Gown will ſtand | J)) 
3 Again 378,0009- 
$9,025 

4709 ( 
9270741 
Sum 1000,0000 


ory 


$> 


4 Decimal Arithmetick. 
- Examples im Subſtrattion. 
From 752,25 From 75,094 From $545,008 
Take 459,25 Take 68,5906 Take 267,546 
Rem. 284,00 6,498 275,454 


Note, Addition and Subſtraftion do mutually prove each 
other, as in whole Numbers; of which I ſuppoſe it 
needleſs to inſert Examples. ER a Ny 


Sett. 3. Multiplication of Decimals. 
Whether the Factors (viz. the Numbers) 1 to 
be multiplied together, are either all Tecimal Parts, or 


Decimals joined to whole Numbers, multiply them toge. 
ther as if they were all whole Numbers, and for the 


true Falue of their Product, obſerve this Rule. 


3 Cut off (viz, ſeparate) with a Comma, ſo many 
Rule places of Decimal parts in the Product as there 
are in both the Factors counted together. 


© Examples. 3 | 
Suppoſe it were required to nultipiy 21,3 with 4,56 
ho eives 2 1,3 3 | bs C435 6 | 
The g1VEN Factors 3 4,56 i | Or 21,3 
1278 1368 
1065 476 
8 852 2 AA | 
Product 9, 128 9 7,128. 


85 Again, Let it be required to multiply 4573 into 7, 546: 


And 35,4078 into 549,3. The Work may ſtand 
N 4:3 136 Multiply 0 36,408 


„ „ | 5 4943 

27438 | 1092234 

18292 „ 69 03 -* 
22865 C 
325421 1820390 


— 


34507,858 Products 1999 8,8 0454 


Decimal Arithmetick «5 
Note, It ſometimes happens, that in Multiplying Parts 

with Parts only, there will not be ſo many Figures in 
oo their Product as there ought to be Places of Parts by 


46 the Rule: In that Caſe you muſt ſupply the Defect 
— by prefiving Cyphers to their Product. As in theſe 
+ following 1 f 
each 1 7 Examples. 3 
1 I 0,236 5 £ 22 | | 0,0 3472 
0,435 | Multiply 3 0,02364 
: 11825 gt 13888 
7 O9 5 | 2 © 8 3 2: 
9 46 O 1041 6 
418 3 WBBS. +: 


_ 575 8 1773 Products . Og 008 207 8 08 


| Set. 4 Diviſion of Decimals. 


agny _ Diviſion of Decimals is perform'd in all reſpects like 
there that of whole Numbers: And for diſcovering the true 
Value of the Quotient, obſerve this General Rule. 
1 The places of Decimal parts in the Diviſor and 
Rule 4 Quotient being counted together, muſt always be 
TCequal in number with thoſe in the Dividend. 
This General Rule admits of four Caſes. 
Caſe 1. When the Places of Decimal parts in the Di- 
vi ſor and Dividend are equal in number, then the Quo- 
tient will be all whole Numbers: As in the two follow- 
ing Examples. I IR OS 
--.* 8 Dividend, 
0 Dio 7454) 1240.35 (947 the Quotient. 
n | 7 : 55 


3543 
3016 
$378 -- 
. 
Again, If it were required to divide 2, 6923 by 0,007 5 
b Dividend. 3 
Note, Diviſor 0,0075 ) 2,6925 (359 Kuotient. Cal 


EE ² U —— I Co nr ore rn ron Wor rt IDE OF. — 
1 1 * 4 „ 1 — ENTS YES 
— 4 ” - - 5 — 2 X 
3. ifs — oe. « jp — — —— : ö as — — — 2 ——— — Wo 
= — . — . — — — — 
— — heals : = — — —— — eeS Ae IE 3 2 


— 


the Quotient Figures. 


6 Decimal Arithmetich. 5 
Eaſe 2. When the Number of Places of Decimal Parts 


in the Dividend, exceed thoſe in the Diviſor, ct off the 


Exceſs. of Decimal Parts in the Quotient. 


Examples. | 
7,54 ) 71,4038 (9,4) And , 75) 2, 6925 (3,59 


Caſe 3. When there are not ſo many places of Decimal 


parts in the Dividend, as there are in the Diviſor, then 


annex Cyphers to the Dividend, to make them equal, 5 
— will be all whole Numbers: As in 


and the 
Caſe 1. Ne 
1 55 Examples. 
Let us ſuppoſe it were required to divide 1565, by 
3,684: And 3615 by 5,784; the Work muſt ſtand thus, 
3,684)1565,700(425. And 5,784)3615,c0c(6:5- 


| Caſe 4. If, after the Diviſion is finiſhed, there are not ſo 


many Figures in the Quotient, as there ought to be Pla- 


ces of Decimal Parts, by the General Rule, you muſt 


then ſupply their Defect, by prefxing Cyphers before 


Let it be required to divide 3,5532 by 755 


956) $65.532a 047 --.- Here the Diviſion being finiſhed, 


3024 ũ there are but 72vo Figures in the 
"292 Quotient, whereas there ought to 
$292 be four places of Decimal Parts, 
0k by the general Kule; therefore 
09 two Cyphers muſt be prefix d be- 


fore the Quotient Figures, thus 


O, 047 


That is, 756 ) 375532 ( 0,0047 is the true Quotient 
required. © -- e N 


0,575 3 dis. all Decimal Parts: hen  _ 
It will be 9,575 ) 0,9007475 ( 0,0013 the Quotient, Ec. 


Suppoſe it were required ta divide 0,0007475 by 


Note, Multiplication and Diviſion do mutually prove the 


Truth of each other: That is, if in Multiplication 


you divide the Product by either of the Factors, the 


Quotient will be the other Factor, if the Work be 


So 


the 
. i 
1 


ion 


the 


x be 


parts: Then it will 
be, 4) 3,00 (0,75 the 


And 
CLonſequently their Sum 0,875 will be the Decimal parts 
equivalent to 175. 6 4. as was required, Cc. : 


" 
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Decimal Arithmetiok. 7 
80 in Diviſion, if you 8 the Quotient and 
the Diviſor together, their Product (being added to what 


remain d after Diviſion) will be the Dividend, if that - 


4 Work be true. 
* 75 N 


% zFf.5. To Reduce (or rather Change) .7/ul- 


Ln Ba 5-4 
N OP 


gar Frattions into Decimal Parts, and 


the contrary. 
= Annex Cyphers to the Numerator of the gi- 
) ven Fraction; then divide it by the Denomi na- 
tor, and the &uottent arill be the Decimal parts 


C o::ght. 
Cn pls Examples. 5 
Suppoſe it were required to reduce ; into Decimal 


Z ule 


| Decimal parts required ; 
And 3 is 0,5 Thus 2) 1,0 (0,5 the Decimal ; 
Or 2 is o, 25 Thus 4) 1, 0000, 25 the Decimal. 
And thus may the Decimal parts equivalent to any 


Known part, or ue of Coin, Weights, Meaſures, or 


Vie, &c. be eafily found, if you firſt reduce the given 
parts of the Coin, or Time, &c. into a Vulgar Fraction 


_ Whoſe Denominator is the Number of thoſe known parts, 


contained in the Integer, and the given parts its Nume- 
kator. i | 1 
4 Examples in Coin. . 

Suppoſe it were required to find the Decimal Parts of 
a Pound Sterling, equal to 175. 6 4. . 
Firſt, becauſe 205. makes one Pound, therefore 175. 


is 23 of a Pound; and becauſe there's 240 Pence in a 


| Pound, therefore 6 d. is 2.5 of a Pound. 


20) 17,00 ( 0,55 is the Decimal of x > 5. 
240) 6,000 ( 0,025 is the Decimal of 6 4. 


Then 


ES Example in Time. Bn 
Let it be required to find the Decimal parts equal to 


A 26 Days. pac ck | | 
_— Firit, 


2” Decimal Arithmetick. 7 
Firſt, becauſe 365 Days make a common Year, there. 
fore 126 Days is 33% parts of a Year. * 
Then 365 ) 126,0000 ( 0,3452 will be the Decimal 'Þ 


parts equivalent to 126 Days, Ec. 


The like is to be underſtood in reducing or changin © 
the known parts of any propoſed Integer into Decimi 

arts, equal to thoſe known parts ; or at leaſt ſo near th: 
Truth, as may be thought neceſſary to approach. 

Now the contrary Operations to theſe, viz. to find the 
Value of any given Decimal parts of Coin or Time, &: © 
is only the Converſe of the Work above, and may be per. 
formed by this following Rule. —_ 


Multiply the given Decimal parts with ſuck © 
P a Number of Units as are contained in th © 
Rule Integer to which the given Decimal does br 
long, and the Product will be the Value of th: 

ſaid Decimal. 


| Ps Examples. : | 3 8 : 1 

1. Let 25,875 fignify 25. and the Decimal part | 

of 1]. How many Shillings and Pence do theſe Decimpa 
parts denote ? That is, How many Shillings and Penc: * 
are equal ro0,7875 Decimal parts of a Pound Sterling. © 


Firſt, 257875 
Multiplied with 2 © the Shillings in 1 J. 
Gives Shillings 1 5, 50 and the Decimals of 15. 
Multiply with 12 - the Pence in 16. 
150 
Gives Pence 9,0000 Hence the Anſwer is, 
That 25 /. 155. 9 /. is the ſame with 25,875 Decimal © 
WWW „ 2 
2. Suppoſe the ſame 25,7875 to ſignify 25 Years, ant © 
the Decimal parts of one Lear; How many Days, Hou, 
Sc. would thoſe Decimal parts denote ? 1 
Anfeer 25 Tears, 287 Days, 10 Hours, and 30 Min. 
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Decimal Arithmetick. 9 
Multiplied with 365 the Days in one Year. 
| | 39375 OE 
5 5 


114th 


>C1m N | 23 ok. Ms 3 | 
ar th Dives Days 2 87,4375 and Decimal Parts of 1 Day, 


Multiply with 24 the Hours in 1 Day. 

<A —— 45 - ; 5D | 

8 | 5 / SOT | | 

"Gives Hours 10,5000 and o, f parts of 1 Hour, 

Multiply with 60 the Minutes in 1 Hour. 
Minutes 30, 0900 | N | 


1d the 
„ Oe. 
© per 


And thus may any propoſed Number of Decimal 
Parts be reduced or changed into the known Parts of what 
they repreſent, vis. whether they be Parts of Coin, 
Meight, Meaſures, or Time, Ec. a due regard being had 

| to the Number of- Units which are contain'd in the De- 
3 of the thing to which the Decimal Parts be- 
long. | | Ne „ 
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4 CHAP. I. 

Of the Nature of Algebra, and Definition 
> of the Symbols, or ION — there:, 
in, & c. 


— SHALL not 3 (in chis ſmall Tra) 
0 give an Hiſtorical Account of the Origi- 
nal, or Antiquity either of this Art, or its 
N ame; but confine myſelf within the 
Limits of this Definition, that (that which 
12 is now called) Algebra, is an Art by (the 
0 - ; which the moſt difficult and abſtruſe ES 
either in Arithmetick or * may be reſolved, by 
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12 eat Definitions 
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exer lie hid were it not for this Art. 


— 
— - -- 
a „ 


ting of Alphabetical Letters, to repreſent as well the 3 
known, as the unknown Quantities concern'd in any Pro- 


blem, (be it Arithmetical,or Geometrical) and to theſe. 4 


Diviſion, Sc. according to the Deſign or Nature of 
the Queſtion : And this is ſo done, as tho' all the Quan- % 


the Quantities concern'd in the Queſtion, remain in their 
Memory, nor rack the Fancy; but, on the contrary, help 


of each Operation, uſed throughout the whole Manage- 
ment of a Queſtion. ; IO. Sa 


tity ſought (be it a Line or Number) by the ſmall (a,) 


\ 


an univerſal Method of Reaſoning, and comparing of 
krjowin Quantities with thoſe. that arg unknown. — MF 
And this way of. arguing, or comparing. of Quantities * 
with Quantities, not only diſcovers an, Anſwer to the 
Queſtion propoſed, but at the ſame time doth raiſe (and 
demonſtrate) "Theorems, or Rules, for the reſolving of 
all Queſtiors in the like nature. ES ” 
And n eee it is, that ſo many curious and uſeful 
Theorems, Canons, or Rules are firſt diſcovered, which 
are of excellent uſe in the Practice, but would for 


This Ag braick Ariihmetick is perform'd by ſubſtitu- 


ſubſtituted Letters are prefixed.certain Symbols, Notes 
or Characters, by the help of which, the Quantities (in 
their Subſtitutes) are ſo connected and ordered, that 
thereby they become capable of being compared, and 
moulded by Addition, Subſtraction, Multiplication and 


tities concern'd therein, (as well the ſought as the given) 
were really known; till at laſt the given Quantities come 
to an Equation (or Equality) with the Quantity that's 
ſought, (or ſome Power thereof) that ſo it may be found. 

In all which various Operations and Compariſons, all 


Species ſo plain and clear, that they neither burden the 
both, by repreſenting to the Eye (at once): the. Proceſs 


The, Method of noting down theſe Subſtitutes in this 5 


Tract, is thus: I make choice of repreſenting the Quan- 


a3 1# 
* 
* 


and if more than one are ſought, I make uſe of the Vowels. 


(e,) or (y,) Ec. to repreſent them. And far the given, J.. 


uantities, be they, either Numbers, Lines, or other 
Magnitudes) I repreſent them by the Conſonants b, c, 14, 
fg, Ec. and, for diſtinction, I note (as uſual) all HR I 
F e EO with |? 


Th. 1. Atlpebraick Definitions. 17 
of 4 with the Great or Capital Letters, and work all Opera- 
| Mons with the Small Letters. ; 
ies If any Quantity be taken more than once, prefix its 
Ne Number; as 6a, 5, 9c, 3 2 4, Ec. theſe ſtand for a, taken. 
Fix times, or fix times a, five times 5, Sc. And all 
Numbers thus prefixed to any Quantity, are called Co- 
Zefficients, (or Fellow- Factors) but if the Quantity have 
ful no prefixed Number, (or Coefficient) then ſuch Quan- 
ch ity ſtands for itſelf once taken, and is ſuppoſed (or un- 
tor Merſtood) to have an Unit prefixed to it, as 4 is 1 4, or 
is 16, Sc. , - 


tu- The Signs made uſe of in this TraQ, for the more ſhort 
he and quick expreſſing of Words, are the moſt general now 
1 uſe, and are thoſe following. ft Rr 
N. B. Note, That it is very requiſite for the young 
Learner of this Art to be wy perfect in the knowledge 
f the Signs, and their Significations, before he proceeds 
furthere therein; that is, before he intermeddles with 
Iny of the following Rules. l 3 
Alſo I adviſe him to be very ready in one Rule, before 
de undertakes the next; that is, ta be expert in, and un- 
i ierſtand Addition, before he meddles with Sulſtraction; 
en) . erſtan . ; >" AH 

and that of Subſtraction, before he undertakes that of 
Iultiplication, c. becauſe they have each a Dependency 
Ine upon the other. VU 
And by this Method of proceeding, he may make him- 
elf Maſter, thereof, or at leaſt, arrive to a competent 
Fnowledge therein, with eaſe, and in a very ſhort ſpace 
pf time. In | os 


enn. Names.  Significations. | 
1 The Affirmative Sign, and Sign 
of Addition, as a +b, fſignifieth 
that the 8 a and h are 
to be added together. 


+ 


* L More. < 


The Negative Sign, and Sign of 
Subſtraction, as a — b, ſignifieth, 
chat the Quantity &, is to be taken 

from that of 242. SLES. 


Sigus. 
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587 CY Proportion. 


= 63 Continued. 


Into. 


Algebraic, Definitions. 


Names. Signiſications. 


The Sign of Multiplicatlon, 2 & 


4 x b, ſignifieth that 4 is to be mul. 


Sign is omitted, yet is underſtood, 
asab, is 4 & b. 


- The Sign of Diviſion, as 4 —b, 
ſignifieth that a is to be dividet 
by þ; yet this Sign is alſ9 ofter 


c The Sign of Disjunct Proportion 
75 in the Golden Rule, and is thus 


Cner, as 2, is to b, fo is e, to d. 


Geometrical Proportion ; that i 


as 4 b: 20: 3h bb bbb . Sc. 


„ - &...:.88: 


Margin after Proportion. 


qual to b, Sc. 


. be multiplied by itſelf, &c. 


5 Signifying the product of the 


:iplicd into þ ; but oftentimes th: E 


2 | _*: | e& 
omitted, as 7 is a—b, or thu, Þ 


a:b::c:4 to be read in this man 


2 The Sign of Le BOY Y 


two Extreams is equal to that « 3 


the Means, and C..] is placed in ti 


0 The sig n of Equation, or equi 1 
2 $2 «- 4, 46 = ſignifieth that 4 is. 


The 8 gn of Involution, and i - 
placed in the Margin of a Proceſi F 
to ſignify, that ſuch Quantity, a9 
Equation to which it refers, is u 


> mul. 


pf thi I 
hat « F 
in tx 


; equi 1 


and 


8, 1St0 


* 7 
1 
"= l 

1 
BY Ne 1 
1 / 
700 * 

28 be 

v% 
2 


y 42 10 . 
Ss” 1 4 


V. 
©b TT I, 
1 7 Denotes the 

* 


Th. i: Algebraic Definitions. 15 
WU Jos. | Names. Significations. 

1 C The Sign of Evolution, and is 
5 85 Fool placed in the Margin, to ſignify 
BY S2 elde. Yrhe contrary to Involution, vis. 
= Che Extraction of the Root, Oc. 


The Sign of Irrationality, or of 
= a Surd Root; over which, if a 
„ 3 Number be placed, it ſignifieth of 
1 85 Root. what degree that Root is: And 


| eg | Pthis Number is called the Iadeæ, 


thus 


Square 

Cube 

Biquadrate 
Sur ſolid 


1 : Signifieth an Univerſal Root, or Root of Roots. 
„ 25 ...... S The sign of Majority, as a> ö, 
82 Greater. 3 ſig 


nifieth that 4 is greater than b. 
PP Sign of Majority reverſed, 
12 85 Leſſer. Jas c, ſignifieth that þ is leſſer 

I * than c. | | 


Signifieth the Square of any 
Numbers, or Quantities, or of an 
Equation, as UA +b+c, &c. is 
the Square of a, more b, more c. 


0 63 Square. 


The chief of theſe Signs or Characters, wherewith 
the ſubſtituted Quantities (or Letters) are connected, be 
More, and Leſs, vis. The Sign +, and Sign —; where 
ote, That the Sign always belongs to the Quantity that 


5 


roceſ, 


ity, 0 . . : | 
) follows it, (or is to the Right Hand thereof,) and not to 


F hat which is before it. And if a Quantity hath no 
Sign prefix d before it, (as generally the leading Quan- 8 
tity hath not) it's then underſtood to have the Sign ＋ 


Sign, Prefixed, as 4 is + 4, or b+4, is 0 ＋ 4, &cc. 


If 


— 2 — . * Fs 
— ML 4.4 li — 25 
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due place. 


with that of Mr. Branckeys, (or rather Dr. Pells) in hi 


ſhew the ſeveral Steps uſed in the forming, or bringim 
the Quantities concern'd in any Queſtion to an Equation 


| thoſe in the ſmall Column; and the Signs placed betwix 


Quantities that ſtand againſt the like Numbers in the 


in the Practice thereo 


1+: 


in the third Step, are their Sum. 


16 Alecbraick Definitions. 


If ſeveral Quantities be connected, or engaged in au 
Queſtion, they may ſtand in any Order at pleaſure i 


as a+b—4, may ſtand thus, 2 — 4 -U; or thu 


4 ＋4 Eb, &c. being {till the ſame, tho' different; 8 
placed; and theſe are called Compound Quantities, the 
is, when two or more different fingle Quantities ar. # 
connected together, by their Signs, of which more in i; 


__ : 
_. 
. 


The Method uſed in this Trat, of placing Figure, 
and Signs in the Margin, according to the ſeveral Step 
or Proceſs, uſed in forming of an Equation, is the ſam 


* 


1 


2. 
4 
IF 


Introduction e Printed 1668, (which hath « 
eee followed by others) and is thus to be under 
ſtood. 5 5 Fs 

The Numbers 1, 2, 3,4, Ec. in the ſmall Column, d 


And the Numbers placed in the Margin, have relation t 
the ſaid Numbers in the Margin, do ſhew how th 


ſmall Column have been ordered, either by Addition 
Subſtraction, or otherwiſe. And this Method of Re. 
giſtring the ſeveral Proceſſes, is very uſeful, eſpecially 
in long and tedious Operations, as will more fully appea'' 
An Example or two will help 

explain the ſame better than Words. | xz 
Suppoſe it were required to ſet down the Sum of th 
two Quantitics # and C, according to this Method. 3 


Thus 112 Having placed down the Quant 
142, | ties 4 and b, againſt the Figures 1,2, 
3 Ain the ſmall Column, alſo againſt 2, 
—! mult be placed i + 2 in the Margin 

5 which denotes that the Quantities iu 
the erg and ſecond Stops, are added together, and thoſe 


0 


- OR 
1 N 


; To illuſtrate this in Numbers, ſuppoſe 4 =8, and 


TY 3 
8 5 
Wy 
" "a 
1 
5 
5 
. "of 
uan- 1 | . 
1 
(AA p 
' Wo 
erer 
, #4 * 
1 


ZTh.2. Alebraick Definitions. 
| | Quantities. Numbers. 

11 4 8 
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es, the h Again, ſuppoſe it were required to ſet down the Dit- 


$4 


* Þ&rence of the ſame two Quantities. 
FT bus| 1 | 4 e 


* 

9 . 

10 © * 

Thus | 4 5 

93 ; 
Ss ON . L 

i 215 6 


WM | 

23a [|[$x6=45 
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ing Ing 1 


Theſe Definitions of the Signs, (or Notes) Method, 
ation c. being premiſed, and pretty well underitood by the 


"2 
28 


tion i oung Learner, (for ſo they ought to be) he may then 


1 


etwix proceed to the ſeveral parts of Algebraick Arithmetick, 
w etke iz. Addition, Subſtrattion, Multiplication, and Divi- 
in the Fon, &c. „„ 5 5 
dition In the delivery of which, I ſhall begin with ſingle 
T Re. Frhole Quantities, in each diſtinct Part thereof, then pro- 
ecialh ſeed in the like Order with Compound Quantities, and ſo 
ppea, pn to Fractions ; treating of each ſeparately, with what 
elp i» plainneſs and brevity I can, | 


VFC 


LY 


PE 
28 
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Ib 

5a 

2 
„N 
* 


a FT 
int 8 7 the ſeveral Parts of | Algebraick Ar ith- 
ein merick, and how the ſame are performed. 


ties in 
thoſe 1 T 3 

. 1. Addition of Single Whole Quantities. 

; and Rule JP the Quantities be alike, and have like Signs 
. add the Coefficients (or prefixed Numbers) and 
gadjoin the Quantities with the ſame Sign. 5 

Quan- „ by — OT. Thus 


18 'Alpebraick Arithmetich. 
Thus —3b1\+5bc]— 6 abc 

24 —5b|+4bc|— 7 abc 
iÞ+2|3| . g9bc|— 13 abc 


: Rule 3. When the Quantities be alike, but ha ve unllk 4 
Signs, ſubſtract the Coefficients from each other, and at % 
Join the Quantities with the Sign of the greater. . 5 


Thus 34 — 5b|—gbd 10 abcd 
„„ + 7b + 714] — 12 awed 
1+H2|3| 24 | +2b —=264 — 2 avca 


Rule z. But when the Quantities be 8 ( be the 
Signs alike or unlike) ſet down the Quantities with the! 
reſpective Coefficients, without alrering their Signs, an BY 
thence ariſeth Compound Quantities. Tz 


Thus | r | 7 ed 1 1 
171 
142 e — 
Alſo thus 14 | 53 
"= © 4 + 7be 
| 34. FIBER, and 3 
1＋2 7314 LE L. e e $0: - 


Q. 2. Subſtradtion f Single 22 ole Quantities 


General Rule. 


Cone ge 168 at leaſt in your mind ſuppoſe to be changed) 
all the Signs of the Subtrahend ; then add. or col a 
lect all the Quantities together, (as before in Addition) Ee 
and that Sum will be the Remainder, or Difference {> 


"ſought. Thu 

For example, Suppoſe it were required to find th 

Ditference of theſe Quantities : 8 4 * 
[2a 8 — 11% 2 A 

2 56.:] —46c 2 ha 'Y 1 

| _—_— — — — 0 t 


4 2 
1/5 
g fi 
: — 0 { 
— 
. ( » , = 
"== 
os 
US 0 
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"Eh. 2. Algebraick Arithmetick. 19 
According to the Rule, the ſame Quantities will ſtand, 
hen their Signs are changed, thus: 


2 4 851 — 7 e 2 ba 
| ls pre — 54 4 be | — 2 ba 
Nik F Nan 
lai * — . — — 


— 


7 A But this may be done by ſuppoſing the — changed, 
y fithout ſetting them down again. 
L hus I | 54| —4bc | — 5 
| 2 — 24 ＋ 5 IU — 84 2 
ö 3 TR LAESUJETS 
Again, 1 ET a 3 + 5 bed. 
= |- _ 
} T 2 25 a—b —— 5 Ic T 7 baf 


$ Thus Conde Quantities are produced by Sub- 
cla, as they were by Addition. ; 


Note, That Subſtraftion is proved, by adding the Sub- 
q 1 abend to the Remainder; as in Vulgar Arithmetick. 5 
. hus | 4 —5bc| — 4 aba 

3 3 +3b6c|—=3cfg 

9b| —$8bc| +3 fg —4aba 

| 5b] —5bc| —aabd 


5 
Þ | 43 HD by 


53 Multiplication of Single J/hole Quantities. | 
Rule. I. JF the Quantities have no Coefficients, and 


oy have like Signs, * them together, 8 
wy N they be like or unlike, and to the Product REF the 
Sign = "Ws, 


1-4: | ab | 5 —ab 
CCW 
— ab | e | + bedf | 7 


3 
— * 
4 | 
1M 
i ue 


| Rake + If there be Coofficients, multiply 8 OY 
j to their Produ join the Quantities, (ſet together as be- 
Ac. 3 Pre.) 7 
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'Thus | 58 | 7 bo | 4-24 be 
TA b 4 ad — 6 of _ 

1x2|3|5ab] 2Badie | + 14a bedf 


Rule 3. And when the Quantities have unlike Sig 4 
the Operations are the ſame with the foregoing ; only t 
the Product prefix the Sign — - 5 
Thus] 1 | a | —=bc 1 4 —bs 
- Ja3i=#4 L681 12 
1 * 2 3 — ab | — bed — 42 bad | — 12 ba 


From hence it appears, that like Signs produce th 4 
Affirmative Sign I, but unlike produce the Negatin 7; 
Sign —. : | 
The reaſon thereof may be thus ſtated: Suppoh 
a= any Affirmative Quantity, and let —þ6 = —- 7 
then is þ equal to 2 leſs than nothing, (for ſo are all Ne 
gative Quantities.) Now to multiply any Number « 
Quantity, implies a putting together of the ſame, ſo ofte 


as is the Number in the Multiplier, as 2 K 2 24, © 


a, twice put together. But if the Multiplier be — 2, the 
it implies the taking away of a, twice; and therefore ti 
Product muſt needs be — 24, that is, ax —2 =— 24 * 
or 4X —b =— Ab, as above. But to multiply — 2 
into — 2, by the fame reaſon, it will take away the e 
fe& of a twice, which is the ſame as to ſupply it; ther 
fore =aXx—2==+24, or —ax - Sab. 2 


. 4. Diviſion of Single Whole Quantities. 


Rule 1. I they have like Signs, and no Coefficients 4 
1 and if there be like Quantities in the Divi 7 


dend, as there are in the Diviſor, caſt off ſuch Quantitie 9 l 
in both, and fer down the other Quantities, with the 


Sign +. TT „ 1 
Thus | ab | abed | —bf — abe 
1-25 K 


2s, U 
i 
ties this, Multiplication may be Neef by different Mul- 
the 7 

Quantity (or Quantities) be involved, or drawn into it- 
ſelf, = 
time, into the laſt Product, c. as manifold as is the 
> Power, ſo great muſt the N umber be that is uſed to ex- 
1 2 it: and this Number is called the Index of the 
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N. B. Note, That when the Quantities in the Dividend 
ind Diviſor be all the ſame, then the Quotient is an 
Unit ; as in the laſt above. | 


Kale 2. But if the Quantities have Coeſficients, di- 
de the Numbers (as in common Arithmetick) and to 
L N prefix the Quantities. 


his 2 18 cd = 7” 


— 3 ab 2c [— 244 
ATT 4c} 64 |+4 
R — — 


Kale; z. When the Quantities have unlike Signs, the 


I perations are the ſame ; only ſet down the Quotigns 


with the Sign —. 

? hus | A | +646] +12 a] 7” 
x —34 — 4c_|} +444 
12 —— 25 30 — 


But when the Quantiries i in | the Diviſor, are not bound 


= 1 n the ang ſet down both gra 


8 5 * 4 
uf A T5 1 TE 4 2 5 
„ 5 


a 5 5. Involution of Single Whole Quantities. 


TNvolution is performed as Multiplication is, (and in⸗ 
deed is no more but Afultiplication, differing only in 
tiplicators, but Iuvolution ſtill retains the ſame.) If any 


afterwards into that Product; or again, a third 


ower, and is ſet after the Sign in the Margin. | 


| Thus 


— — —äʒ2—ñj ñ ́ꝑ — — > mn = > Ir Oe EE EIS eee 


10 5 IIa zz aaũ bbbbbccoce = Sp 


Which may be ſhortened, by placing the Indices over the 
Quantity (or Quantities) according to the height of the 3 


164 


Rule. I F the Quantity have a Reot (which is eaſily diſ- 


Square Root be defired ; or by 3, if you require the Cube 
Root, Cc. and the Quotient will give the Root required, 
dealing with the Coetficients, or prefixed Numbers, as in 


cients, no exact Root can be extracted, according to the 


quired Root: and thence will ariſe a Surd Quantity, as 
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Thus 1 
10 2% %%% [+ 4424 bbc 
16-3]3 faas — 8 aaa bbc 
I &4] 4 | aaaa ＋ 16 aaa | bbbbcccs 


Power ; by ſuch Method the Work will ſtand thus. . 

li 2 2 j Ic [Roo 

1G2|2| * TA Þ*c* | Square 

1033 . Po: Cube 
4 WY | + a+ | 1* 6* |Biquadratick 


18 515 41. 4* [b 7 Surſolid, &c. 


= 


a 2 2 - —_— 
0 7 p 1 5 1 
i c q r 
- : : : 2 
a ; 5 Py x ER. ; 
— k 1 . . 2 . - 22 I's = *- 
E ” - ot _— 2, RIS . e 
9 a 1 k L : 2 DI ER EEE ES LT OECRBCE  IIeN Eoens” oO» g 
+ 7 > : . f 3 — 2 3 44 "WR = Ct ne = Ol , 
5 3 hs 8 33 c . * 8 ants oo * +I 4 . 
. 22 222 ²³˙.¹m GE o > ALI 7 2 WW . . 
* S * ESD, os r A 3 Che 2 — * . 
g « © Mx. IS; 5 A N . 2 4 * 5 2 — ? OS 
ö * 5 cat 5 S 233 IEG Ko £23 3 . . 2 * 0 * 
* r N * 
n A 
@ ; 
6 * 4 } a © * — ba 


* 
1 | 1 | : 


6.6. Þeotocien (or Exrafting of Roots) of Single 
Whole Quantities. : 


Lo ©) 


* 7 — 
hu TY Ot ee I NIEL RAT, 
TAS BY i 5 ö 
. lx AS 8 


1 cover'd, by comparing its Index with the Root 
required) divide the Inder of its Power, by 2, if the 


Vulgar Arithmetick. 
Thus 


1 ww 2 


Ei 


2 


4 36 U | 81 Mc 
n 6 5 [9 bc 


— 


I 4% 27% 7% 
1 1 2 2 4 | 81bb h bbbddd 
4 HO TIE IT SEE SHE "190 


1 uu 3 2 


But if either out of the Indices: or out of the Co- effi- 


Root required; then prefix before it the Sign of the re- 


in 
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{ in the Square Root of the two laſt Examples above ; and 
ſuch are ſome of theſe following, 


— Se 2764 


| Regs 8 2 LES 2 - "ran 
1 uu 22 a [LV za ab / 21643 
0 33] a* [„ zza V ab 54 
3 1 —_ As 4 85 
he . 144 92 | + y 3245 [4 ab * 2164 
1 W F 5 
he | L ww 5 U .. _ V ab Ae 


1 Thus I have gone hh the FS Parts of Agebr aick 

Arithmetick, in ſingle whole Quantities, which being well 
FCeonſidered, (and rightly underſtood) the e Mt will * 
Jem caſy; vis. Compound Quantities. 


= e e e dee de dee ee — 2 


e A III. 


T, he Parts of Algebraick Arithmetick 5 in 
7 Compound Quantities. 


if- 

© Diition of Compound Quantities i is verſurm'd in 
vi 1 the ſame Manner, and by the ſame Rules as 
d. üngle Quantities are; vis. by 3 together like 
in Quantities, reſpect being had to the Signs: and in caſe 
„ the Quantities be not alike, connect them together by 


3 their Signs, as in the laſt caſe of Single Quantities. 

Thus 1] a+ e] - ge + 3a—b+3c | 
— a+ 6 6 — 3a - — 2 

5 XI — | 

As, II a= 56>; | —de+ bed © 

1 [24 — b—c+3]+ ＋ 5 

MM  |3{—a+2b+d4+6 + abc — 2bcd- 

TZ TZ IAI a+d+Þ2 25 2be + bed 


1 4 05 5 „ 


. 

1- 

LS = - Yam, 
n * 
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Again, | 1] aa + 2ab + 50 a* 4 3bbg + bbb [ 
— ga | _— — 6ba 7 


1 + 213 an — . ab + bb bb | af — — 30a + 2 Þ *h< 


_ Subſiraction i in Compound Quantities, is in all re 
ſpects like that of Single Quantities, care being taken 
their Signs as beſore. 


Thus |1| 4 +6b]2n+b+:c| 
— 2— 56 a ＋ 5 + c 
e 2 ab R 5 at 


a+ 3b— 15 
—4 +4b + 35 


54 — b — 1.10 


Again, n . 
2 1 44 77 5 — 2C 
1 —. 17 — —.— ab + —26 I bJ- ac P 
6. 3. Multiplication of Compound Quantities is tb J 
ſame with that of Single Quantities; for the Product « 
each Member of the Multiplier, into all the Members: 
= Multiplicand, Ns Tet had to the Signs) is the Pu. 
uct. 0 


_ Thus 1 11 + 54 2 + ©—ad+f 


1X2 5 


1 


a bbc 2 2b ec — Ze. abef 


—.— 5b 


Again at 3 
417 —1＋ . 

- 1 
1 * b === Product by b 
1X 414 * -A ＋- U — a Product by - 4 3 
2 «© 77 — EZELES - cs Hou 


_ Again, N on, Si 
HE . . 1 


7 — Ac = te Fe L zc. Product "ah — 


1 


Ie that of Single; a 
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of Compound Quantities, is perform'd 
nd if any Doubts ſhould ariſe there- 
That Divi- 


and 


7 7 , 
8 
ws 
_. 1 ; 
+8 ” al _— 
WG h 
N 8 Ll 
- | 
2 7 1 


* 


7 


6 * 
285 
«Lf 
f ny 


, they are cafily reconciled, by conſidering, 
diſſolveth what Multiplication puts together; 


> 


| Mherefore to be perform'd by contrary Operations. 


x 5 
: Ns 3 
. = y x 
=: us 
vo : 0 
- + "2M 
_ ; 
"% 
WS 
. + "EE 


2ab ＋ 540 
'b 


1 2bef + 
2 7 
13] 3a + 54 


be 8 
f+2b+c— 44 


abbe + 2bce — Shed 


= 


— — — 


Thus 


3 


3 


Thus the Product of the Second Example in Aultipli- 
ation, divided by 2bc, gives 2b +c —4d4 + f. 


b. ill be thus perform'd. 

3 ab—ac + 4b 

2 

—. 

= db-dc 
td — A 


— 4 +If —fe—3b+ 36 


(+84 
+I — fe 


— 


„ 


(+4 
1 
— 3. 36 (=; 
— ? ze 
collected. 


5511 


[=|o wo. Oos 


A 


„ 


— 


Each Quotient 


Iz +d4+f— 
Otftentimes the whole Proceſs is omitted, only ſet down 
with the Sign — Thus az — bb — a, or b a) aa - 
> When the Dividend will not be juſt wrought off with- 
cout a Remainder, in ſuch Caſes, ſet all down (like the 
Terms of a Vulgar Fraction) as in the laſt Example of. 
Single Quantities. . ES . . 
aa T ꝛ2ab + 


1 
4-25 


Le 


co 


— 


CCC - 
# Eng A a+ f £7 a + 2b . 
= ” : MERTEN E 9 5 g. 5 


er 2 — b, vz. a Binomial, or Reſidual Root. 


given: Other Methods there are, but this It 
the plaineſt (and moſt natural) for a Learner's Practice. 


from 2, 3,4, or more Members in the Root, ſhall be 
ſhewed hereafter. 5 | | 1 
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6. 5. Involution of Compound whole Quantities, is per- 
formed in all reſpects like Multiplication. 'J 
Example. Suppoſe the Square, Cube, or any othet 
Power were required, from the Compound Root a -l, 


3 Binomial. Refidual. 

1] ab - 1 4—b 

fa+d . 0 
1X 4a} 2 aa ＋ ab | ag ab . = 
ixbil +ab+b _ | — ab+bb 
10 214044 2abÞ+bb = ag—2 ab+ bb _ 

a+b | | 22 

4 X «| 51a* + 2 gab + abb a* —2aab +abb © 
4X6 —+aab+zabbpb | — gab + azbb—b' 
1 &:| 7 [773 00b + 300b+0* | of =3 aa; ab # 


Thus are the Square and Cube produced from their 
Roots; and by this Method of multiplying by the Root, Pr 
may any Power be raiſed from any Compoun 1 a 

ake to be 


Again, Suppoſe the Square of 4+ b+c, was re- 
quired... ee Poe SR „ 
Trinomial Root. 


| 1 | a+b+c 
e. : 
142 jan + ab ac ns | 
1 X-bl 3 ＋ ab + bb + bc 
IXcl4]  —+actbcpcc 5 
10215 1 + 2ac + 2be + cc 


The Uſe, and eafier Conſtruction of Powers arifing 1 


g. 6. Evolution of Compound Quantities, is the Con- #4 


verſe of IJuvolution, (and conſequently perform'd by con- 


trary Operations.) Whoever intends to be very de, 
trous at Evolution, or extracting of Roots out of Com- 
pound Quantities, remaining in their Species, muſt be 
very re: dy, and underſtand wel! the Genefis, or raiſing of 


Powers irom their Roots; otherwiſe it will be difficult to 


CS 
di- 
v 5 "54 

5 


per. 


ther 
Tb, The Problems in this Tract * no ſuch Opera- 


"ta 


_ 
_— 
= 
* 2 2b 230 
RD... 
LW 
* 


Fh. 4. Algebraic Arithmetick. 1 
i 4 iſcover whether the given Quantities have a true Root 
Ir not. 


Lions ; yet that it may not appear 
eaſy Rule. | | I | 
Take ſo many diſtinct Quantities, as there are concerned 
in the given Power to be evolved, and involve thoſe 
Quantities (fo taken) to the height of the given Power, 
without reſpect to the Signs ;) this new raiſed Power 

peing compared with the given Power, will ſhew whe- 
ther it have a true Root or not; which if it have, then 
It's cafily evolved : If not, then it is a Surd Compound, 
and muſt have its Sign prefixed to it, and is no other- 
wiſe to be expreſſed, till it come to be evolved in Num- 
pers. 

But becauſe ſuch Operations are tedious, I ſhall omit 


eficient, obſerve this 


giving Examples thereof in Species, and according to 


e Deſign of this Tract, (which is brevity) proceed to 
Fractions, | | MD * 
„„ 

8 
C Fractions, or Broken Quantities. 
8. 1. What is done about Vulgar Fractions in Numbers; 
the ſame may alſo be performed in Quantities, 


Rule 1. TO bring whole Quantities to a Fraction of a 
4 1 given Denominator, multiply both together 


4 for a Numerator, and place the given Quantity for the 


ing 5 WW, WT abc 
be Denominator; thus 4 . and b== ,, alſo q= 22 


Bo” 1 5 — 
” 4% 


e = and Ele 


ca 5 c+4 


EPI 
* — T 2 &c. 


3 _ Rule 2. When whole Quantities are to be expreſſed 
Fraction-wiſe, give them an Unity for a Denominator, as 


bc 
1 


= 
—— —Üg— 


— 
— —— a 


ͤ—U— — oy . 
— — 


— 
— 


— —_—— 
2 © © — 2 I. 4 — — 
MEESTER — ———— — 2 — - — 


— 
. 


4 IIS 
— > — 
— — — — 
9 —— —— 
— — 


— — — — 


— — — 


— 


— — 
— 
— 


. — 


— . — 


- == = 
—— 


—— — — — — 


r / r 
a = 


— 


—— - 
—— — 


. er tt — Fa 4 — Ns,» 


away in both, and a Fraction remains of the ſame value; + 


all the Aliquot Parts in each, and the Denominator and 
ö N umerator being divided thereby, are reduced. 3 
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$. 2. To reduce Fractions to a lower Denomination. L . 


Rule 1. JA T Hen the ſame Quantities are found both in 
the Numerator and Denominator, caſt chen 


ac + bcaf adf _ 
mg =>” = " d —— — . — = „ 

FV *. 3 
Thus the greateſt common Diviſor brings the Fraction 

to the loweſt Denomination. 8 


Rule 2. But when the Fraction is a Compound, the 
Method to obtain that common Diviſor, is by dividing 
the Denominator by the Numerator, and the Numerato! ret 
by the Reſidue, and ſo on (as in Vulgar Arithmetick) f 
till there remain nothing: By the laſt Diviſor, divide and 
both the Numerator and Denominator of the Fraction for 


and it will be reduced to the loweſt — mm 


ab ch 
as +246 0 1 


1 14 TY zac + cc, the Denominator. 


Example Let the Fraction propoſed be 


[> ab + bc, the Numerator 3 
1 box 0 T. 


e Note, any Fraction is - multiplied f 
3 * b 444 ＋ 3 by ſo much as is caſt away out of the 


| E Denominator. 3 
3 Hence it appears 42 ei is the greateſt Diviſor, 
2—als| 5 + 
—4 | * the new Fraction = — * 4 
1—4 LIE a 2 aa at 24C —— cc 0. 
But if this way be chought i too 1 = discover I DT 


But if after all means uſed, there cannot be found one 
common Diviſor to both, then arc the Fractions Prime to 
each other. 4 

$. 3] 'y 


; 1 22 


* 
4 bs.” * 
"= : ; 
* 


em 
ue ; 


form'd, until different 


78 2 0 
4 TI 
* 1 
n 
. 
AF 6 1 
1 
_ 
—_— - 
3 
1 
8 « 
1 2 
"A \ h 1 
8 
* * 
82 
7 
* - 


+ 8 
be .7 "7 
"= 
f = < 
4H 
= 1 
8 S 
RS / - 
— . 
SHE 
' \ 0 
1 » 8 
0 =D : 
- W% , 
9 
8 


4 mination. 


1 
1 ; 
8 
ER2le. . 
= "= 
_ 
485 


Faumerators. 


1:38 3 
©, 
1 4 
RS. 
4 
1 
- E. 
1 
N. > 
* 7 
833 - 
7. 
.4® 
We : 2 


8 


1 
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different Fractions into one Denomination, 
retaining the ſame Value. 


His is performed (as in Vulgar Fractions) by 
b multiplying the Denominators into each other 
For a new Denominator, and the Numerators croſs-wiſe 
Into each other's Denominator, for new Numerators. 


Let the Fractions be 
Reduced will ſtand thus, 


4 retain the ſame Value with the firſt. 
By theſe means Fract 


a 
* 
adh bch baf 
bab' bat? 


0, | e 
. 


1 


75 SiC, - 
bal” and ; 


? ions are made fit for A71ition 
fand Subſtraftion ; which two. Rules cannot well be per- 
Fractions are reduced to one Deno- 


4. Addition of Fractions. 


"Hen the Fractions are brought to one Deno- 


| 
|__| 


: Example. 
l 
r 


| 1 


mination, (as before) add, or ſubſtract their 


— 
= 


[4 +b— de 


+ 5 


 Ja+38]36Þ2bfpx+b 24 
F 


Bubſtraction. 3 
M_ ent 


 36o+20 


c TF 


I. 
24e — 26 


+. 


- - — - n 4 — — — 2 — — - — — 2 — pc 2 
— . — - - — -- ER nn 3 45 — —_—_— 2 * — wy 7 - — ; - 
—— - 2 & 2 as » ECD. &: = 2 — = = 
— — —— — — — — — — — _ 
— = 0 . 4 mr . = 1 — . — — —— — - — — — — — * — — — — —.— — 
> tt —— —— — — — — SIE PII rr —— = 2 
by 2 IVES: — 3 2 — — 2 2 
: Ay pong. 7 22 : — S — 1 BED nas , - — 
— 


— — 
MT 


— 


— 


— —— > 
3 


. 


— 


| 
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$. 5. Multiplication of Fractions. 


Rule 1. N 1 Ultiply the Numerators and Denominaton : 
£2 reſpectively into each other, (as in Vulgat A 
Fractions) their Products are the new Fractions. — 


Yo 


| . ont [tw 
Nore, But firſt prepare them for the Work, by maki 
mix'd Quantities improper Fractions, having firſt brought} *# F 
down the Fractions to their loweſt Terms; alſo make] dlivi 
whole Quantities like Fractions, by placing an Unity un] 4 
der them: As in the firſt Section of this Chapter. oi 
of. 28 ] cabs { a—7+6 
b | 4—e EE 
3c -- a+8 
i 242 1 1 3 
ee e 
EE I 
Whole Quantities by Fractions ſtand as followeth : | 
e > aed-7 
Thus, 1 4 | _—__ 27 
{| co a+c 


T 


8 
J . b 
4 


Fr 
«4 


— 


un 
ey? 
7 


1 b 


| 6ac 
"x PL.& 


— 


* 


o | > 


- 
: _ _— 


pthc 


FG. 6. Diviſion of Fractions. 

„ TE OO ; Tio 

Rule 1. Dl is thus perform'd : Multiply the Ni-. 

D merator of the Dividend by the Denomina- U 
tor of the dividing Fraction, for a new Numerator, and 
the other Numerator and Denominator, for a new Deno⸗ | 
minator. e eee. . | 


6 
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Suppen were to be divided by u will ſtand 
a xs b 0 —5 3 + bf. 


F- ca- i 
Again, 7 dmit 42a Fl were to be divided by 9 1 
: CS 
I. ill be aa + bc cb — ad __ adac +bee + ag + bog. 
Kin f „ ETD. une. SEE 
ght Rule 2. When the Fractions are of one Denomination, 
nabe divide the Numerators, and caſt off the Denominator z 
un, 1 c aacch 
F 7 9 ac, Or ach — ac. 
% we +. a» 
Again let — —— =— for =. 
gain let 7. - 7 Baked 7 


d 7. Involution of Fractions, is performed in al 


= 56 | reſpects like Multiplication. 
— bh F 3a abd | 1 
— TE "FOE 7 Tr 
: = yag | 160044 "aa 2a + 2ab + bb ZD 
E 
18 „ , 4 +3baa+3 Ala LC 
— 8 3 +: — dan 


2 OP" * N 4 "Y POP _——Y = eat Cow a Rte oe Abad oe et N I OOTTET . ]˙ n 9 A, 3 
„„ ” * oY Bo y P ws 2 * WIS SSC © EL E 90 8 3 7 
* nnen r r 6 a RC 4 e 285 12 3 * D r SE EE bo A 6c IE SES 
i „ e 5 * Ty . r 53 As re e Ein A abt 4 Mae at) > ee 1 
l A 2 n . r 8 <3 # y x no 35 een 1 n 1 e D - WS 
ee th: 3 2 Pe EY Ry 8 LIN) Dn Ps " 2 . — 2 — FL, 1 + . 1 e . «> wy, 5 x2. 7 2 7 


LINZ. It ales any of theſe Operations | in the foregoing 
; Parts of Addition, Subſtraction, &c. there be like Quan- 
ities in the Numerator and Denominator, care is to be 
taken that ſuch Fractions be reduced lower, by ſome of 
the former Rules, if poſſible, before they be engaged in 
other Operations. 5 
I ſhall paſs over Evolution, becuuls it rarely falls out, 
I chat both the Numerator and Denominator have a true 
Nu Root; therefore if the Sign of the Root be prefixed, it's 
nin Fufficicnt, until ſuch Fractions are evolved 1 in Numbers. 
and | 
ene 
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FFF 


e 
Of Surd Quantities. 


I Don't pretend to (nor can it be expected that I ſhould) | 


give a full account of S Quantities (with all thei * 
tedious Redudtions) in this Compendium: Nor is ita 
all needful, fince the Method of Reſolving all forts « 


Equations, is here render'd equally eaſy in all Caſes. 


Howe ver, I think it convenient to ſhew the young Al. | 
gebraiſt, how to manage ſuch Surd Luantities as ma, 
and often do riſe in the Solution of hard difficult Que.“ 


ſtions. 


F. 1. Addition of Surd Quantities, 


Caſe 1. When the Surd Quantities are Homogenea]; 1 
that is, are alike in Power; add the Rational Part pre.“ 
; and to that Sum, ad“ 


fix'd to the Surg, if there be any; 
Join the Irrational or Sd Quantity. 


N ö 
* ta. Le oY - 8 
xy Reg 1 ˙ TATE 4 


ns Examples. 5 

111 6 ab | — 45 | 4y/ bb co 

280 ab 8 8 ca 54 y bb + cc 
. ee | ee 


i+2|3{14yab i b Mh , 


1 34% aa [7+ /7Þ ce 
> | 24y/ ab 4—yakco 
C 


Concerning Sulſtraction of Surds, &c. 


I —2 


E 


- . W r 
7 PA A 2 Y 2 N 5 eee 2 ET, 
— n = 2 0 * RAT SOUR EE DRAM 2 3 
R F 8 e r 
o * A I * — 3) * - — r 00 vx: by 


If the Surds are Homogenea), as before, ſubſtract the 
Rational Part, and to the Remainder join the Surd, 5Þ 


in Addition. 


Exam 


Ich. 6. Algebraick Arithmetick 33 
1D) | Examples in Subſtrafion. 
z I4 V ab|—12by caj6dy/ bb + cc 


I 
[28 / abſ— aby cad bb+ oc 
i 6 abj— yd dy/b+cc 


ould) | | 1 54 V aab|f +4 A 24 7 U 


1 Ew 5 
it 2 2a 4 — . 2 4a 
2 WM 1— 2 3124 / aa | f+y ITZ Vl 


Caſe 2. When the Surd Quantities are Hetcrogeneal, 
Que. that is, when their Indices are unlike, they are only to 
be added, or ſubſtracted by their Signs of +, or —. And 
their Sum, or Difference, will produce either Binomial, 
or Refidual Surds; as in theſe 85 


- pre- J DEE Eramples in Addition. 32 

= 11 EO dd abÞ+dd | 

: Va: peers 
12s NV , i l5ddy abF dd T; d E 


Examples in Subſtradtion. 
yia  [d—by ab 

c Aa : | 
Id—byab—e+fvdca__ 


C2. Multiplication of Surd Quantities, 

; Caſe 1. When the Quantities are only $yrds of the ſame 
kind; multiply them together: and to their Produt 
; prefix the common Radical Sign. 5 „„ 

the | Exomples. 

2 a [i] ya VA Va = 

Val V dcba bfan V minaa — bb 

1 * ” _—_— 


» To 


VAlli- ö I X S 
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Caſe 2. When Surd Quantities of the ſame kind (22 
before) are join'd to Rational Numbers or Quantities, } 
multiply the Rational into the Rational, and the Surd: 
| 1 the Surds (as above) then join their Products toge- * 
ther. A N 
Examples. 
I 
ENA 1 
1X23 sa Vb * 15abcd y ffaa — 4d b ö t 


124 bo 
2 340 4 


— 


g. 5 Diviſion of Surd Quantities. | 
Caſe 1. When Surd Cuantities of the ſame kind can | 3 
be divided without leaving any Remainder, divide them, I. 


and to their Quotient prefix their Radical Sign; wiz. | 
the Index of their Power. a, i 


* PP 


Eramples. 
F Va | dba + fra | Vim 
tba 3 24 = 3 


oped S A + 


2 


1— 2 


Caſe 2. When the Sura Quantities, of the ſame kind,. 
are join'd to Rational Quantities, divide the Rational | 
by the Rational, if that can be done; and to their 
Quotient, join the Quotient of the Surd, divided by the | _ 
Sura, with its firſt Radical Sign. -| 


EY Exaniples. 
cat ſire ie T 
24yab z IAT 
24 4 be 3 5% Va - 4 
In Diviſion it muſt needs be eaſy to conceive, that if g a 


any Square be divided by its Root, the Quoticnt will be 
the Root again. 3 e 


122 
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Eramples. 5 | 

1 ab | bh—2bc+ce| _25aabb 5 
e e 
12212 


ab | bb—2bc+cc| y 25aabb = 5ab 
yab | ybb— 2bc + cc Lab 


$. 4. Involution of Surd Quantities. 


| Cafe 1. If the Surd Qnantities are not join'd to Ra- 


| | tional Quantities, they are involved to the ſame height 
as their Index denotes, by only taking away that Index. 


Examples. 1 
yalycaa\ y 5b + db] V — aa 
— 0 5b + 4b. | bb — aa _ 


m — th 


Caſe 2. When the Surd Quantities are join'd to Ra- 


tional Quantities, involve the Rational to the ſame Pow- 
fer as the Index of the Sr denotes ; then multiply thoſe 
involved Quantities into the Sura Quantities, after their 
Radical Sign is taken away, as before. . 


wh EY Examples. | 
By 2 | 6by/ca | 1dvaaÞ+bb 
1G2|2|4d4g_ | 36bben | 49ddag + % % 


1 5 da b | 4 % - % 
18321 1 dddagab | 6q4cccan — S4ccchb 


The Reaſon why only taking away the Radical Sign 


involves the Surd, (as in Caſe 1.) will be eaſy to conceive, 


when you confider, that any Root involved into itſelf, 


produces a Square, and ſo on to higher Powers. 


And the Reaſon of the Work, in Caſe 2. may be thus 
lated : Suppoſe 4 4 == f, then va => per Axiom 4. 


and if both ſides of the Equation be equally involved; it 


| will become 4 = ul Then multiplying both fides into 


| 4d, it will da=ff. 


aa 
— 5 CHAP 


36 


4,4. P 


the ſecond, as the third is to the fourth; if 

be thus qualified, then the Produtt of the two 
is equal to the Product of the two Means. L 
Product of the Extremes be equal to the Product of the 
Means, then are thoſe Quantities proportional, (16. Eucl. 6.) I 
let the four Quantities 

proportional, they ſhall 
rerned, Inverted, Compoumded, 
in Mixture, | 


45, 


Roportion is either Disjunct, or Continued ; Dif: ; 


Algebraick Arithmetick. 


CHAP, VI. 
Of Proportions. 


junct is, when of four Quantities, the firſt is to 
yantities Þ# 
xtremes Þy 
And if the | 


ropoſed, be a, h, c, d, if theſe be 4 
alſo be proportional, being Al- 
twvided, Converted, and 


TJ A:0:: rf, Direct. | 

DS TEES IS b/ 

$1] 8:5: e, mene... A 
Aa ACK 8 2 
5 b: a:: d: c, Inverted. 
6 UC = A : ws wg 

7 a+b:b::c+d4:4, Compounded. + 
& | ad bad = be ba, that is, ad = bc. 

9 a c: c:: ＋ A4: 4. 

ea cd = be + cd, that is ad =bc. 5 
ia -b: ;: : c 4: a, Divided. BED 
121 ad— bd = bc — ba, that is, ad =bc. 

tl a- :: 5 — 4: d. Ts 5 

14] % -c cal, that is, ag=be, 
15a Ane, Converted. | © © 
16 4 T ac = be T ac, that is, ad = bc. 


1 Tos | 


a+Sb:a—b:iic+d:c—4d, in Mixture. 


18. 


12 


ac — ad ＋ le — ba D ac ＋ Ad be — bd. 
2bc=204, that is, ad =bc. | 


7 ; From the foregoing Operations, it is evident, that four 
Proportional Quantities may be varied, and intermingled 


. 


* 


one 
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one with the other, and yet retain their true Proportions; 
which variation may be of good uſe upon ſeveral Occa- 
ions. 
NB. And from hence may be learnt, how to convert 
Analogies into Equations, or the contrary of converting 
. Equations into Analogics. 


23 C.2. Continued Proportion (or Geometrical Progreſſion) 
is, when of Three, Four, Five, or more Quantities, the 
Firſt is to the Second, as that Second is to the Third; 

and the Second is to the Third, as that Third is to the 
Fourth, c. that is, when all the middle Terms between 
: the Firſt and Laſt Term are both Conſoquents and Ante- 


the 7 cedents 3 ſuch are in ++. | 

-- WW bb bb bbb bbb bbbh bs 
Bia, a:b::b: —i—; — :: - :—::— &c. 
A. 4 4 ag aa aaa aaaa 


= Theſe Quantities are in continued Proportion : For the 
Product of any two of the Means, is _ to the Product 
of the two Extremes that are equally iſtant from thoſe 


Means. 


1 bbb 25 
N =b xb. A0 b 6 _8 * &c. 

1 e 

| Therefore they are Proportional (19. E. 7.) 

— bbb bbbb : 
And here, a+b + — HE 4: p 44. is the Sum of all 
| the Antecedents. . fy 

bb 1b bbb 

; And, b 4.8 + = 7 = —+— ana the Sum of all the 

| STO: 

But if never ſo many Quantities are in 838 Pro- 
portion; it will always be, As one of the Antecedents : Is 
to its Conſequent :: So is the Sum of all the Antece- 
dents: To the Sum of all * in 

; bb bbb 

Tk 2b ::0+6+5 «+= += 
bbb bbbb TY 770 
T 1 
four 7 + "+7 4 * ada gaaa Ke 
gled 
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thereof, be fully 
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/ Equations, and Oweſtions reſolved therelyſ f 


$. 1. Uantities are ſaid to be brought to an Equation 
_ when ſome one of thoſe that be ſought, (or ſone 
Powers thereof, as Squares, Cubes, Sc.) is found equal 
to thoſe that be given. And this is to be obtained by: 
mutual comparing of equal Quantities (or things) wil 
equal, by ſuch Methods or Rules, as the Nature of the 


Problem (or Queſtion) requireth. 
Therefore, when any Queſtion is 


Quettion may be truly ſtated, or fitted for Operation. 


And this part of the Work is ſomething difficult; ye 
having a competent Knowledge in the Principles of Ger Z 
metry and Arithmetick (together with a good and defirin 
Genius) a little Practice will render it facile and plezÞ 


ſant. | 


Having got a clear Waere of the Queſtion pro 
poſed, for each Quantity concerne 

or Number, put or ſubſtitute a Letter, as before taught a 
the beginning of this Tract, (Page 12, & 13.) But if tua 
or more Quantities in the Queſtion are granted to be 


equal, they may be expreſſed by the ſame Letter. 


Having placed down all the concerned Quantities in 
their due order (according to the Import of the Queſtion)ſ 
then, conſider whether the ſame be limited or not; fo 
the diſcovery thereof, obſerve the following Rules. 


Rule 1. Whenſvever the Number of required Quant. 
ties exceeds the Number of the given Equations, the! 
Queſtion is capable of innumerable Anſwers, = 
Tor example; Suppole a Queſtion were thus propoſed: 

There be Three Numbers, the Firſt is equal to the 

Square of the Second, and the Sum of the Firſt and Se 

war is equal to the Third; What arc thoſe Three Num- 

3 * e n 


To 


poſed to be reſo. 
ved, it is highly a F that the Deſign or Meaning 
and clearly comprehended, that ſo th 


therein, be it a Line 
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* To fignify theſe Three Numbers, put three Letters; 
2 [Fall the Firſt a, the Second e, and Third y; then 4 ee, 
end a ＋ e=y, according to the Queſtion, Here the 
Fought Quantities are Three, to wit, 4, e, and y, but the 
&iven Equations are but Two; therefore this Queſtion is 
unlimited: becauſe for any one of theſe Three Quanti- 
FFics, any Number may be taken at pleaſure. Therefore, 
| 1 nlimited. bits Fre an el | TP 'S N 
tim} Rule 2. But when the given Equations (not depend- 
ſonel Ing one upon the other) are as many as the required 
qui Ouantities, then hath the Queſtion a determinable num- 
by Ther of Anſwers; for then each Quantity concern'd, hath 
win put one fingle Value. i i 
F che And if the given Equations be more than the ſought 
Quantities, they not only limit the Queſtion, but often- 
reſol times render it unreſolvable, by being inconfiftent one 
„„ .:. . - ES. ; 
o the The Queſtion being truly ſtated, and found limited to 
one Anſwer, (or at leaſt ſo bounded, as to have a certain 
yes determinable number of Anſwers) let all the Quantities 
"Ger pe ſo ordered; moulded or compared, by adding, ſubduct- 
firing ng, multiplying, or dividing them, until there remain 
plea but one unknown Quantity, (or ſome Powers thereof) 
qual with the given Quantities. And all the reſt of the 
prof unknown Quantitics concern'd in the Queſtion, are caſt 
Line pff or vaniſhed ; which indeed is the chiefeſt buſineſs re- 
ght ai guired in the forming of an Equation, and therefore ought 


f two 


of 


$ 
i 


o be well conſidered : but no Rules can be preſcribed 


to beſ to ſuit all Caſes. Rn : 
And next, becauſe that in molt (if not all) Equations, 

ies i when firſt they appear out of the Covers of the Queſtion, 
tion the known and unknown Quantities are intangled and mixt 
t; fol together, on both fides of the Equation ; it is thereſore 
requiſite ſo to order and clear ſuch Equations, that one 
Ide thereof may conſiſt of known Quantities only, and the 
vanti-Wther fide of the unknown Quantities, (ſtill keeping them 
is, theo a juſt equality) which Work fits the Queſtion for a So- 
tion in Numbers, and is not improperly called Reduction. 


poſed: IWhich will be eaſily perform'd, if the following Avioms 
to thee once clearly underſtood. | 


d Se- AXIOMS. 


1. If Equal Quantities be added to Equal Quantities ; 
the Sum of thoſe Quantitics will be Equal. T 


Num 


0 


— — — 


———_— 


— — — 
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= — oe — 22 
——— ny — 


IE 
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2, If Equal Quantities be taken from Equal Quant! 1 


ties, the remaining Quantities will be Equal. 9 
3. If Equal Quantities be multiplied with Equal Quan. q 
tities; -vheir Products will be Equal. | L | 
4. If Equal Quantities be divided by Equal Quant 
ties; the Quotient Quantities will be. Equal. z 


Again, a 


„ 


5. Thoſe Quantities, that are Equal to one and the ] 


fame Thing, are Equal to one another. 


Upon n the true Knowledge of theſe Five Axioms, de. 


nds, not only the Work of this Chapter, but all that“ 
ollows it. And therefore I adviſe my young Algebrail}” 


to underſtand them well, betore he procecd further. 


By Addition. 


Rule W335 E N any Quantit ty is connected with the 1 
5 by caſting away the 
Sign —, and transferring the Quantity to the other ſide/ 


Sign —, it is adde 
of the Equation, with the Sign ＋. 


— — 
N 9 2 : 5 ” 
GG 0 
8 . 1 > by & x 2 22 * 
Le en er ed ee ee ant F a2 Af SLES nb 
FL W : 27 2 Ks) 


Thus, 1 | 4—b—15 =60 
1+15|2|a—b=75 
2+b|3 zla=75+b 


per Axiom 1. 


1 


1＋ ba aa +ba—bc— 4 = cc 


I 

2 
2+tbc| 3] aa+ba—d=cc+bc 
3+4 4 eee 8 


— 


35 Subſtraction. 


Rule 2. When any Quantity is connected with the 5 
Sign +, it is to be ſubſtracted, by caſting away the Sign 
＋, and transferring the Quantity to the other tide of the 


— Equation, with theSign— 


Thus, | 7 d deer Ariom 2. 
e bnid—c „ 
3 [a A — c- 


IE. heſs two Rules are ens of Quantitics. 


” N 9 Py 9 Pr EY ä . FE ke EVI EP * 8 
K N 8 MON PINT RIAL IF „ be ee EE n SOIT ES Ts 5 
Boon oh noone Wb FS $246 ERECTILE IE So CT Fo nt EO os Do gs 2 RES 8 
my 5 3 * 1 8 8 JJͤ ! F 
= 2 3 JJ ] ⅛ wꝛm ¾ ͤ Ee En 3 3 
ND 1 ; 2 oF . N 5 n 24; % F $2 1 * * " 


1 „ Multiplication. 


Fractions, are brought into whole Quantities. 
1 i 1 5 as. n Axiom z. 
d the Thus, | x r I 5 


1 42 —6 
IX 42-62 aa — U dd 
ar 13! aa=4d+bb _ 


By Diviſion. 


W 9 nn EIS 1 , 
- 2 K 2 2 Y 
J BO 2 2 3 r 


\ the] Member thereof (at leaſt) and bring down the reſt. 


fide : Thus, 


— 
3 . * 5 
MY 
| * 
8 « 
5 
9 * 


1 | aab + bca== ba per Axiom 4. 
27 a+ cams; oo: 
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Nur Rue 3. By this Rule, part (or the whole) being in 


S Rule 4. When there is any Quantity known or unknown | 
concerned in every Member of an Equation, divide the 
whole Equation by ſuch Quantity, and it will clear one 


Again, | 1 | aab + ca =4a 


. 1 | Laaa + bbag — ca = da 
3 2 | bag + bla —c =4 
2460 ; baa + bla =d+c 

; +] aa + bg = + | 


IS : 7 | 
1 
5 | 


Pe EEE * ——— — 


* 


_ By Involution. ; 


| Rule 5- When there is an E uation between like Surds, 
| (or Radical Signs) caſt away the Radical Signs, and the 


| Quantities are thereby reduced to Rational ones. 


| Thus, I } any b =by 4a = 
1822 aaaab =bldg 
ities 2 8b aaa = UA 


- 
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——— 1 


2 
1 hems bb wi 
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lasÞ3b6—d=bb 416d +44 
 baa+3ba=bb+2b4+d4d+4_ 
Ib l 


A 
— A 5 


mA zab == — 


By Evolution, 


Rules. By this Rule, Equations are oft brou gh dow : 
to lower Powers, thus : : 


1} | % 2b is as =4 b 
1 uu 2 a +b=4d 5 


But if PSs Equation had been 4 lem which if 
y n impertect Square, and wants the Square of bb to fill iÞ 5 
before it can be brought down as above; ſuch on : 
ds To Dr. Pell calls, Compleating th Szuare: and when 
it is * uſeth this Sign co put in the Margin, b 


1 F N 

| 2 aa + 2ba+bb =d + 75 . 
3 | s+b=y/dÞb © [2 
1 351 : rr 5 
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Suppoſe, 1 4 — UA ni 

1, C 2 | a —ba+2b=4 +7 2 60 | FF tc 

a— la=y/d+3b _ 15 

2 = 5; 
N In 
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In theſe it is evident, that the laſt place of bb, or that 

of x bb, is Ne by involving half the Coefficient b, 

: of the middle place. 

. When the Equations are thus cleared or reduced, 

then are they fit ro be reſolved into Numbers, and are 

either Pure and Simple, or Mixt and Adfected. Pure 


and Simple Equations are ſuch as have the unknown 
Quantity (a) at one ſide thereof: | 


As a DNT, or a+ b=4, &c. | 
Alſo when there is only ſome Power of £4) » 
As aa=b, and aa = c, or aaa = d, &e. 
Mixed and Adfected, are ſuch as have the unknown 
2 Quantities at one fide of the Equation, in different De- 
| grees or Powers thereof; 
As aa TCA , wh aa la d, or bi —aa=4d. 
7 Theſe are called the three Forms of — Adfected 
3 Equations. 
Again, aaa {+ ba c, and ana — —ba= c, or ba aaa c. 


2 * e xD 2 . 
2 — 7; 8 9 25 . d 2 3 
3 2 FREE TEL! 


IF 


7 Theſe are called the three Forms of Cubick Adfected 
| Equations. 
Infinite other Fan chere are, ſuch 


As aaa + baa ＋ ca d, and aan — bag = d. 
Or aaaa ＋ 7 T caa — 4a =f, &c. 


Ope- How theſe, or any other, "of all Degrees, or howſvever 
when | Mixt and AdfeQted, may be eaſily "reſolved into Num 
in, bers, ſhall be effeQually ſhewed further on, when we 
come to the Reſolving of ſuch Problems as will roduce 
the ſame; taking each in their Order. is. Firt , I will 
| ſhew how to Reſolve (or extract the Roots of) all pure 
Equations; next, the three Forms of Square AdfeRted 
Equations; the like in Adfected Cubicks ; ; and ſo oh to 
| others of different degrees. : 
| But before we proceed to that part, it will be conve- 
| ment to inſert a few eaſy Queſtions in Numbers, thereby 
| to explain, and (in part) ſhew the Uſe of the foregoing 
Rules. 'The which will be as: an Introduction to the 
lucceeding Problems. 
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Containing ſeveral ea 16] Queſtions in Numbers 


It for a Learner's Practice. 


Que. . THE RE be two unknown, and une qu 
| Numbers, whoſe Sum is 53 , and their“ 
Difference is 21 =4; What are thoſe Numbers? I 
For the greater put a, and for the Leſſer pute. 
Then according to the Queſtion, they will ſtand in“ 
their Subſtirures thus: N e 


þ } Quantities. | 
1] a4+e= 


a4 — e =d 


5 22 


216 


5 — 


Hence it appears, that 3) and 16 are the two Num-! 
! 2 5 
Note, When any Number is placed in the Margin, with Þ* 
a Ling over it, as 2 in the fourth and ſixth Steps, ſuch is 
an abſolute Number, and hath no relation to thoſe Num- 
be in the ſmall Column. C 4 
Here you may perceive, that the firſt Work is to 
off one of the unknown Quantities ; and becauſe _ 
Quantity e hath both Signs, + and — prefix d to it, 
therefore by the Rule of Audition it may be vaniſhed, as 
appears by the Work of the third Step. wi 
Reſt. 2. There be two Numbers (as before) | whoſe 
Sum is 50 , and the Greater (a) divided by the Leſſer 


(e) the Quotient is 2, = ; What are the Numbers? 
8, and E. | | 
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Arithmetical Queſtions. 


by the Queſtion. 


45 


% 


For an Explanation, take the lame i in Numbers, 
Tt '@ + e= 


= 
4 e, o = 245 


3 


e=56 — 2 
2,50 =a 


a 
_— 36 —4 


8 


1 ===) 56 


2,54 eu 
| = 


= 40 That is, by 25+x 
"Ui; e= 5640 =16 


Oueſt 3. Let chere be given the Difference of the afore- 
ſaid two Numbers, to wit, 24 = 4, and the 


Quotient, 
2j . from thence to find out the t two- Numbers. 


-Arithmetical Oneſtionis. ; 
I &—emzd) 5 ! 
2| ==, Cb thEQueſtim, | 
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p 
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1 
th 


3. 4 
5—e 


+) | a=d+ = 3525 
1 . + 4 548 BY BR 
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The reducing of thi . 
is into N umbers, is cal th : 
going Queſtions conſidered.) ' 4 0 £ for : 
[118 | weſt. 4. There be two N umbers, their Sum is 56 = : 


1 and the e Difference of th 5 
1 eir 8 ua ; 
| are thoſe N . LA * 344-5 =x; Wha 'F 


* 


: 22 — * — — 
— — 4 — — * — — — 3 
— — ” ESC —— —_ : JEN: hd — 
— - = 2 — * — — — — — — — 2 . > — — — 
__ — — — : 2 2 — — — — — — = - be een On — TY 
* — X — — —-— — 2 = — = 2 : — — — — —— - = 
— — bin ng = but — > —_— — — - — - — — i — 1 — — 
w 2 - — PE 3 * * 257 2 — r Io —— — — —— — — — " — . — — 
. * 1 5 1 - — — — — > "2 — OE - 5 - * — ” = - = — — — : — - — 
— — — — — — — — | 
— p — b - 5 — 
— — 4 1 * —.— 2 3 5 —. - - — — 
. — —— — — 2 — * — 
R —— — - — 1 ky ” 1 
* : r —— — — 
# — — — 


9 — — 
— = — = 


— — 
—— 


— —— — 
Fs wy þ —— 8 « ms 1 ur — — — 
— 2 —— — — 


3 
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= ©-for a+6Xa—e=a4—es 
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i e 1 10 The 
| Hence (40 is ad equal to (40) and © equal a 16) Phcy 
by the 5th and 5th Steps. c and 


-  Rueſt.5. Two Men have oh a FRY of 13 the 
one hath four times as much as the other; both thei! 
Sums put to 4 will not make 100 J. but if they be 
doubled, and from that double be taken 30 J. the Re. 
F mainder will be twice as much above 100 J. as before they 

wanted of 100 J. How much hath each Man ? 
Put 


= — — 2 — — 
— neon Papas. — 
— reg 
= 2 — 
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doth 


Ich. 8. Arithmetical Queſtions. "47 
put à for the Greater, and e for the Leſſer. X 
[ale C4 fignifieth the difference 
; a+ e=109—4d4yJ their Sums wanted of 
: —— i . _ 
4 And 24+ 26 — 30 = 10+ 24, by the Queſtion. ; 
[2 * 2 [4] ＋ 26 = 200 — 24 . 


: The n3 2 
3 
: 47 
$374 [5 [4940 — 30 = 300 
6 
7 
8 


Ts aa 4e = 330 
L 54 == 330 


I, 8, [9 [49 65 


1 


&; ' 


= Hence it is found, that one Man had 66 J. and the other 
16. 105. which two Sums will anſwer the Queſtion in 
each particular. | 5 | 3 
Note, That as e, in the firſt Queſtion, was caſt off by 
Addition, (for the Reaſons there mentioned) ſo in the 
ſecond, the like was done by Multiplication and Diviſion; 
in the third, by Multiplication and Addition; in the 
fourth, by Diviſion and Addition; and in this Queſtion 
by Multiplication and Equality. „ 
Nov if the Reaſon of theſe be confidered, and once 
__ Eunderſtood, the whole bufineſs of forming any Equation 
will be eaſy ; for the only Myſtery therein, lies in caſting 
Pocf all the unknown Quantities but one, (of which, ſee 
Pag. 39.) 55 | 


: 


Queſt. 6. Three Men part their Money in this manner: 
The Firſt gives to the Second and Third, as much as 
they have about them; the Second gives to the Firſt 
land Third as much as now they have; and the Third 
Noth the like to the Firſt and Second: after they had 


„ theſdone thus, each Man had 20 Shillings. The Queſtion : 
thei; what each Man had at firſt ? 5 N 
aha For the Firſt Man's Sum put a, for the Second e, ard 


for the Third py. 
Then 
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Arithmetical Queſtions. 


bod F is what the Firſt hath gl 
after his Gift. 
5 is what the Second and Third berg 
after the Firſt Man's Giſt. 1 
'E — 4 —9 1 
40 — 2023 Shs Firſt and Third auf 
bled by the Second. 


5. —2 — Fand ſo much each hath o 
44 —4e — 49 laſt, vis. = 20. = 
6e — 24 — 2 
__ t =20 
66 —24—29=20 | L I] 
36 —A4—y= 10 
| 20 — 25 =15. 
6y — 20 = 25 
45 =40 


— * 


Aufn. 1 is Firſt "FS bad Sbillings, 6 pence ; the 0 
Second had 1) Shillings, 6 Pence; and the Third had 
10 — ; 


Oueſt. 7. There be Three Numbers with theſe wa | 
ties, 918. If to the Firſt and Second be added half the 


T hird, that 


ber at pleaſure) and if one bird part of the Firſt be 
added to the Second and Third, that Sum Ss, as be- 
fore: alſo if a Fourth part of the Second be added to 
the Firſt and Third, that Sum will be = S, as was tho 
others, What are theſe Numbers ? 


For thoſe three Numbers, put 4, e, and 9. 


Sum will be = 5s, (ſuppoſe 46, or any Num. 


'Then 


I have 


nd. 
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J, 16, 7 a+ — = 3 


117 4 18 44 + 215— 294 125 1 85 5 
18 + [rogſz3a=95, if (5) be put = 46, then 


* WM 
0” 4 

. 8 
Go * 

* 1 = 

2 
4 77 4 

* 
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01) 23 fz 4 =—= 18, and e ts, and y = 24. 


| Oueſt. 8. There be Four Nu bets, 
{any Number at pleaſure, ſuppoſe 100) and if to the Firſt 
be added þ = 7, (or any Number) from the Second be 


Ch. 9. | Arithmetical Oueſtions. 49 


15 1124 22 x ; | | 
Then 4 Tc PE - = 171 according to 
5 5 4-36-75 a $4 the Queſtion. 


2 
2 
| 4Þ4+ 22+ 3 =25) C Thus all are brought 
2X3 [5] a+3e+yy=35p4 out of their Frac- 
16 
7 
8 
9 


ſa +e 4 = tions. | 
6a+3e+ 5 =6s 
5a + 2) = 35 


2 


34 + je ＋ 4y= 5s 


— 42 ＋4 e = S 


4 


— 


95 


25 


—_ 


Eg | | | * 


mbets, their Sum is Ss, 


ubducted h, the Third multiplied by , the Fourth divi- 


ed by b; it's required that ſuch Sum, Difference, Pro- 


luct and Quotient be equal to each other. What are the 
our Numbers? Re Songs ps | 
For the Firſt put 4, for the Second e, for the Third y, 

nd for the Fourth . Ee dee 3 
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50 Arithmetical Oucſtions. 4 
Then IIa Te TYTL ANS according to the P.. 0 
wy 8 2] 4+b=e—b poſals in the Que 


ſtion. 


6xb [7] u=bab+bb 
1,4,5,6, 8] A = +la+bb=s an 
8, sola ＋zba a bs H 25-35 
9 — to] 4 =I —bbb —2bb — eb 
Suppoſe 5 = 100, and )])! 
fl [25 —bbb—2b —b=252— 
hen] bb — 25 + 12 "x = 3,9575 —= & a 

| | 9 | „ 
4, Vii} a+2b=17,9375 Se BE. 
3. fo iss 
7, fis ＋ % =76,5625 =n 9 


Anſw. The Firſt Number is 3, 935; the Second 
17,9375; the Third is 1,5525 ; and the Fourth is 76, 56 
. 9. A Man bought a fine Horſe ; and ſold hin 
again for Fifty-fix Pounds. He gain'd as much per Cen 
by the Bargain, as the Horſe coſt him. Qaære what bf 
gave for the Horſe, c. = ; 
Put 11 a=the Firſt Price. ; 
2 | 2 | e= his Gainby the Sale. = 
z a+e=56l. by the Queltion. 5 
5[100:4::4:e per Queſt. * 
e e I 
TEX 5; 7] 44 = 5600 — 1004 
8] 42 +1004 = 55600 44.6 | 
8 cO [gf a ＋ loo ＋ 2500 =81c0 4 and 
| 10 a+ 50=4y 8100 = 9 Bag 
111 2 = g90—50=40 IT 
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Proof, 


Arithmetical Oneſtions. 51 


viz. The Horſe coſt him 40 J. and he gain'd 16 22 56 


100: 40: : 40: 16 


Qaueſt. 10. Three Joiners undertook to wainſcot a Gen- 
itlemän's Houſe in 150 Days. One of them (being eſteem'd 
the beſt) was to have 55. a day for every day he work'd ; 
another was to have 45. 6 4. a day; and the third was to 


have but 


4 5. for every day he wrought. 


When the Work was finiſh'd, every one of them had 
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3 juſt the ſame Sum of Money to receive; Quære, how 
many Days each of them work'd ? SM. „„ 
Let a, e, y, repreſent the Days each Man werk' d. 


I] a+e+y=150 
50 = 54e = 48 
oa = e 
I04=8y 

IOA 


— Se 
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104 


— — 


85 * 


dby che Queſtion. 
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S NH my 


2424 = 10800 
48906 

10 4 = _ 

10 = 446,82 

e = 49,5868 from the 5th Step. 


= 44,6281 


TI 
I2 


= 55,7851 fer the 6th Step. 


From the 1oth Step, a wrought 444ays. 159 47 284 


and received 111. 35. 1,68 4. 

| From the 12th Step, e wrought 494y5 

and received 111. 38. 1,68 4. 
By the 13th Step, y wrought 

and received the ſame 


149 ;/ O07 


5 5days, 180 507 33/1 
Sum, as a, or e. LE: 
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52 Arithmetical Queſtions: 
(44,6281 X 60 2677,68 ; 

49,5868 X 54 = 2677,68 Pence = Ec. 
55,7851 X 48 = 2677,68 


Oueſt. 11. There are three Numbers in == Their Sum 

is 168 : which being divided by each of theſe Numbers, 2 

the Sum of the three Quotients will be 201. What are!“ 

thoſe Numbers? | | ＋ 
Let a, e, y repreſent the three Numbers. 


Then 1 er ies 


9 
1 ＋ = 135 or 2), $625 =6 


a :e: e 4 LR mn * 
x7 = 20: = | EE 
vey _— v4 + See = bach SE 
heats + See Þ+ 5 = == baey 16 
bay = = bee : 7 | 
25 + 28 + $4 = = bee 5 i 
r 8 


„„ | : | 
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12 XS 13e 2 = 292.2: : 
| es DET 0 5 | 10 
13 —-b 14 * 

Iw2 Se 1024 = 32 EK 
Ii—15Þa+y =135 . = 
16 O 2 If} aa + 2ay + gy = 18496 —_—_ - 
4X4 8] T4 = ge = 4096 5 U: 
37 — 18 [19] 4 24 + Jy = 14400 | 
19 w2 fz A —y =y 14400 =120 
16+ 2% 21] 24 = 136 + 120 = 256 
1 1 RI 12d | 15 
16 — 22 23 y=2136 —128=8 | ED „„ 
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Hence it — that 8. 32. 128. are the three N. um- 18 
pers require 
Proof, 8: 32 :: 32: 128 18 
And 8+ 32 +123= 168 . neſt 


Ach.3. Arithmetical Queſtions. 53 
i Queſt. 12. A. Gentleman diſtributes a Number of Pence 
in T amongſt four poor People; ſo that if the Numbers 
ſof each Perſon's Pence were multiplied continually toge- 
ther, the Total (or Laſt) Product of them all would be 
10939572 ; or in Decimals, 109 395, 562 5. And the two 
im] gealt Numbers uy multiplied together, their Product 
rs, would be 36,75. Tis required to tell the whole Sum, 


are and each Perſon's = of it. Ds 
Let 4, e, y, u, repreſent the four Numbers. 


1 Il 4XECX Y XU S acyu = 109395, 5625 = 


ae = 36,75 = 
4:61:26: 5: u dby me Queſt. 


Then 212 

1 E 

BY 4| ve ſ = 
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ay = ce 
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3,14 „% 8 


1 „ free =2f/þ =147745 544,3789062 5 
16 w 2 17] = V 2þ S12155,0625 
Ii z See S V: N = 110, 25 
Num- 8,2 fee =v tv: V Ab˙ 10,3 
g zi 33... 
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54 Arithmetical Oneſtions. [ 
From the four laſt Steps it appears, that the Sum he 
diſtributed was 140 Pence = 115. 8 d. viz. 3,5 + 10 
+ 31,5 + 94, 1410. en 


I have made choice of theſe few plain and familia 
Queſtions, purely for the young-Learner's Exerciſe, and“ 
have placed them in ſuch Order, as may lead him gra“ 

dually into this moſt excellent Art of Equations. I hae 
likewiſe traced them from Step to Step, thereby to ex! 
Plain and render each Proceſs eaſy (even to the meanef} Þ 
Capacity) which I doubt not but with a little Conſidera 
tion will cafily be underſtood ; and then he may proceed} 
to the Reſolving others, of a different and more difficult} * 
nature, of which there are great varieties in ſeveral Au} 
thors, to whom I refer thoſe that are deſirous of ſuch Spe. 
culations ; and proceed (according to my Deſign) to Br [1 
tracting the Roots (in Numbers) of all pure Equations; 
then to the Reſolving of ſuch Problems only, as will raik 
different Degrees of Mixt or Adfected Equations; and! 
there ſhew how the ſame may be reſolved into Number. | p 

Which laſt Work hath heretofore been a Buſineſs of 1 
great Difficulty and Labour; as the Studious in this Ar 1 
no doubt have experienced. But the ſame is now ren! 
dered much caſier, and made practicable, by a new Me] B 
thod of Converging Series, invented by the Learned and} c- 
Ingenious Mr. Zoſeph Raphſon, Fellow of the Royal H 
ciety ; and publiſhed in a Latin Treatiſe, by the Title off 
Analyſis Zquationum Univerſalis, printed 1690 : where 
in he hath given (and demonſtrated) general Theorem 
for the Solving (or Extracting the Roots) of all mannerÞ? 
of Equations, howſoever Mixt or Adfected. = 
I ſhall here give a ſmall Abſtract thereof, and refer the 
more inquiſitive Reader to the Book itſelf ; where ( (c 
doubt not, but) he will meet with ample Satisfaction. 
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CHAP. IX. 


An Alftratt of Mr. Raphſon s Method of 
CINE: Series. 


15 this AbftraQ, I ſhall paſs over the Author's Demon- 
ſtration, giving only two Examples of the Method, ex- 
plaining the ſame; then inſert a few of his Theorems, ; 
with ſome Remarks upon the whole, and ſo conclude i it. 


Example i in the Square Roor. 


| | 8 8 5 Any given Number whoſe . 


Root is required. 


What is the Value of the Root a ? 
Let the Root a be ſuppoſed to be divided into two 
Parts; to expreſs each ot which, par or ſubſtitute two 
Letters, Vis. Z ＋σπ = a; 
Then is, gg + 281 + ax =aa=c. 


He rejecteth the Power of x, (viz. xx) and then it be- 


comes gg ＋ 2gX c; Which is 29 = -g. and from 


—8 

28 

Note, The N umber ſignified by g, may be taken at 
] pleaſure ; - but if g be made the firſt Root, or fingle fide 
of the given Square, the ſooner will the other ember, 
| (or Converging part * converge to the true Rcot. 


7. heorem, x X= 


Ho 
REY 
C2. 


To explain what! is here ſaid, take this Example 3 
 aa=ce=2. As in Analyſis Equationum, Leg. 5. 
| take the firſt g r. 


= Then $ _ =: {= 
1 83 =1 
And 2g 2 2) 7 BEES 


56 Of Connerging Series. 
To . 1, add 5 = | 
2 
the new 155 for a Second Operation, I 
1 e on 7 E=—035 | 
And 2 FB . : — 0,25 (—,083 = = XX 


Let g =1,5 from which muſt now be taken the Corb 
verging Number , becauſe it hath the Sign — r 


to it. [7 
1 | f 
he 5083 © 

the new g=1 2417 for a Third * 4 

Then C=2 E 

F 
and 23 = 2 = 1 a2578Bg (02783 = x t , 
— * | 5 
a = 1414217 5 ˖ 

' Or if more Accurac 3 be ok it may be call'd ; i 
new g, for a Fourth Operation; and by repeating the!“ 
Operations, you may have as many Places i in the Root a4 
you pleaſe. 1 ; 
= D 
| Next, for the Extraction of the Cube . vis. FE 


| aaa d, 
be puts g+x=4, as before in che Square. 


Then is, g2g + 28g ＋ 2g ＋ wax = ang 


And if the Powers of x, viz. :2xx + xxx, be rejected |þ 
| or caſt off, as before in the Square, (the which he doth Þ 12 
in all Equations) then it will become 


2g + gg = aaa = d, and gg =d g | E 
4— 883 {bd 
from hence will ariſe this T heorem * = Tn - 8 |_ 
5 Let 4 = 37945, as in Aualyſi 5 Fquationum, pag; 6. I 

| 37945 =4 3 
take the firſt $3, and 4 = 37, that is to the fir fro 
Point. | — 


Then 


1 
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7 8 428337 2— b 
Then e — gg =27 = Io, Oc. 
and gg = 27) 100 (3 =x 


3 Firſt, g=2, to which add the Converging x, 
= -- S | 8 
the new g =33 for a ſecond Operation. 

Con. 4 Then 4 = 37945 

BE 33 
and 389 = 3267) 2008, 0 (,61 =x 


W ( 


—— — 


7 3 Foc 
the neW g = 35, 1 for a Third Operation. 


Then 8 #= 37945 
4 C — ogg = 37956, 934881 


and 329 = 533$88,8963) — 21,934531(—,006472 =wx 


DR CI 3 


1 


- 


«7 
88) 
Wy” 


1 Laſtly g = 33,61 from which muſt now be taken 
bog . N 
ng i hence, a= 33,603528 £5 OD 
g the Or if more Exactneſs be required, then it may be 
bot 20 7 called a new L AS before, Sc. | 


= 


I ſhall deſiſt giving more Examples in Numbers, this 
being ſufficient to ſhew the Method of proceeding in each 
Z Equation ; and only inſert a Table or two of the ſeveral 
Theorems, as they are recorded in Mr. Raphſon's Book 
before mention'd. 3 . 


8 


The given Powers, whoſe]  Firlt | occond 
aca f Root is requirel. Theorems. Theorems. 
CCL, ms | en — . 


dot n Es e o — 28s e 


| | G » s | 8 . _— ——— — 
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6. For the Biquadr. anos =f| » —/ <8 1= 
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By what is here ſet down, it is obvious how to pro- . 
ceed for Extracting the Root (by this Method) of any | 
ſimple Power, not only of theſe here inſerted, but of any 


how high ſoever it be. 


A Table of Theorems, for ie Reſolving of AdſeQed BY: 
Equations, herein 1 retain only theſe «ith th 
Converging (x) aud have omitted the ſicond fort, 
, Converge by the (a) it ſelf; fuch as in the ſe- 
cond ſort of the foregoing Table. 


Equations propoſed. _ Theorems. 


Q 

8 

S 
2 


48 t x = — — 
+ , 5 1 8 2r +b 


aa —ba=c| x = TIES 
Fe 29 —b 
ce —by _ 
ba — aa = C Xt == _ 4 
; EE En b — 20 'S 


A — geg — 
XL — — 


32g - © 


7 


„„ 


aaa ＋ ca d 


i 3 


— r 


ca — Aaa = A . X = — 


aaa + bad +a=d | xz = ——— — 
| po 7 FE 4—yggg —bry + cv 
aaa + bag —ca = 4d 6 


8 5 


re 
aaa —bag — ca = A | = — —— | 


2 FRY 


* 


39% — 200 —C 


| 2 


y — — — 


77 Bak. £ 77 io. Dol. 
| e e 


This Table is continued in Mr. Raphſon's Book to four * 
or five Pages more, but for brevity fake I am forced to 
omit inſerting tgemn. who 
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Fig! 4 
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17 
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There be ſeveral things obſervable in this Method; 


3 preceeding g, (or Number of Figures in the laſt Root, 


ing only in the laſt Figure of the Root, ſo increaſed, 


1h: $3 which often proves too large; and therefore conſequently 
the next Converging Number x, will have the Negative 


- © Sign —. 


* 


8 
5 
Es 
WE: 
N 
2” 


Operation, ſuch Miſtake doth not deſtroy the prececdi g 


= 


Work, for the ſame will be rectified (though it be not dif- 
very grols. 

never ſo high, in the ſame manner, and with the ſame 
Involutions being conſidered, which require to be always 


of the ſame height with the given Powers, and the Divi- 
Hor of the rext inferior or lower Powers. 


Theſe high Involutions and large Diviſors, have oſte 


improving this Method (or ſome lucky Diſcovery made 


Feral Problems, conſiſting of very high Adfected Equa- 
tions, made me the more defirous thereof, and put me 
bpon thoughts, how (if poſſible) to accompliſh the ſame ; 


Vpcrations more caſy. 


— '&r'd my Deſire in that particular, of producing low Re- 
— vends and Diviſors, but even out- done my Expectation, 
cauſing the Root to converge quicker: ſor at cach Ope- 
Fin, it will in molt caſes triple the Places of Figures in 
| FO: laſt preceeding Root; in ſeveral it will do more, and 
| Þ ome caſes, the Root convergeth by a continued Series, 
Without repeating the Operations at all, as will plainly 
J. ppear in 1 „ --. 
6 e 


here | ] 2 — *. H A P. 


ny 1 amongſt the reſt, theſe are not the leaſt, viz. That at each 
my : Operation, the Converging Number x will double the laſt _ 


i eſpecially after the ſecond Operation) the Imperfection be- 


© Alſo if there happen to be a Miſtake committed in any 


covered) in the next ſucceeding Operation, unleſs it be 
Again, it produceth the Roots of all Powers, be they 


ecxactneſs, as it doth thoſe of a lower Rank, the reſpective 


cauſed me to wiſh, that ſome means might be uſed of 
pf another) ſuch as would produce the ſeveral Refolvends 


and Diviſors in lower Terms: Ard being (upon an ex- 
traordinary occaſion) imployed in the Calculation of ſe- 


hich if effected, would undoubtedly render the ſeveral 


| Whil{t I was ruminating upon this, there came into my 
ind the following Method, the which hath not only an- 


F 1 * Fs. — ** ws 
. 0c ati 1 
rr 1 


' Method of compoſing the Square of an increaſed Root 


bo FExtraftiondf Ros: 2 
A . 1 


3 a new and general Method f 
 Extratting the Roots (in Numbers) of all 


pure Equations. 


SHALL communicate this Method with all the! 
Plainneſs and Brevity I can, and therein ſhew the Pro- 
ccſs uſed in raifing and forming the Theorems for the So-. 
lution of each Equation, as they come in their Order. 
| Now becauſe there is required an Involution of the in. ; 
creaſed Root, at the repeating of ſeveral Operations, (tho 
not ſo hich as the given Power) I will here inſert an eafy 


by having the Square and its Root, of one part thereof, 
with the increaſing Numbers of the other part of the 
Root, perform'd without involving the whole Root fo in- 
reaſed. —= 5 o 


Root = 7 4 t $-0 5 21 


2 


1 — 


Snurtef ) — ETTCT TIT? 
Szuare of 74 == 54768100; a 
| | 2247 IF : aan, 


ES 

666 
1 6 5 6 ES: 
Szuare of 1493 = 56145249] 6420 2504] 
8 = 14987610] 
14957910 | 
3746 900 

32746 9009 

59944 

„ 9944 
Square of 14938052 = 5615711637 554704 


Ch. 10. Extraction of Roots: - Uh 
; lion thereof: 7 he Difference betwixt it and the common 
I ſetbod, I leave to the Conſideration of the Ingenious. 


n the Square; and from the like Compoſition in the 
Cube, it would be as evident there will ariſe Three, and 
n the Biquadrate Four, c. I 7 Th 
hat is, there will ariſe ſo many Places of Figures in 
the Involved Number, for one in the Root, as the Index 
of ſuch Power denotes. SR 

Therefore when any Number is propoſed to have its 
Root extracted, the preparative Work is to conſider the 
Index of the required Root, and to allow ſo many Places 
i Figures in the given Number, for each fingle Figure 


IX 
BY 


muſt always take its beginning from the place of Unity, 
and aſcend towards the left hand, if the given Number 


EZ ) 
M alts. 
0 


: Of the Index of any Root, ſee Pag. 3. and ſuch In- 
dex is the ſame with that of the Power, vis. | 


aa = a 2 CA 
aan . J = a 
* ie <- then 4 
0600 = Ja =d a = 74. 
ea = CA = . 


let over, or under their proper Figures. 
For Example, ee any Number given, 
As, 56430145789, 23 EL 
ut of which, if it be required to extract any of theſe 
—  [{eoots, it mult be pointed (according to the foregoing 
Conſiderations) in this manner; that is, for the 


This is ſo obvious, ] ſuppoſe there needs no Explana- 


From the foregoing Geneſis, or Compoſition of the 
Square, it is evident, that for each fingle Figure (or Cy- 
pher) in the Root, there will. ariſe two places of Figures 

f. 


zn the Root, as ſuch Index ſhall denote ; which Account 


pe Integers, or deſcend towards the Right in Decimal 


And from hence is deduced the Method of diſtinguiſh- 
bog (vr rather orig the given Numbers with Points, 


* EE Square 
This > 


To WHALES PE OF Nw LES dot wb x 
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Square Root 56430145789,7230 | 


3 


Cube Rot 3643014578%½23 ( 


Biquadrate Root, 554301 4 57 89,7 . 30 


os r 


And by theſe Points is known how many Places of Fi. 
gures there will be in the Root ſought; tor ſo many 26 
are the Points, ſo many muſt be the Places of Figures in! 
the Root. Now whether they be Integers or Decimals, 
is eaſily determined, by the Places of the Points over 
_ Theſe premiſed, we may proceed to Examples in 
each. F 125 
Note, That in all the Theorems for reſolving of Equa- 
tions (or extracting of Roots) by the following Method, 
T make uſe of theſe Letters (G) (7) (e) (D) to re preſent 
each diſtinct part thereof, viz. e 
E, Always eben the given Reſolvend, or known Side 
of the Equation. | a 
, Repreſents the Root firſt taken, and when in. 
creaſed. A es ET 
e, Repreſents the Converging Part of the Root ; by 
which, 7 is either increaſed or diminiſh'd, according as 
its Sign denotes, to wit, + &, or —- . 85 
Dp, Is put for the Dividend, which is produced from G, 
being divided; and leflen'd by r, (into the Coefficients 
of Adffected Equations) according as the Root requires: 
all which will plainly appear, and be cafily underſtood, 
as we proceed on in the | repo od 


I. Fer the Extrafting of the Square Root, viz. ag =. 
What is the Value of 4? nh 8 
In this Method (as in all others whatſoever) we ſup- 
poſe the Root à to be divided in two parts; to express 
which, put the two Letters before mention'd. „ 
That is, [1 | rena MT 
1G-2 [|2| wr 27e ＋ bea 
2 —2 [; NZV e Ae =46G 2 
3— 2 IAI re+ 32 A2 


* eee 
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And from hence will ariſe this | 

pt: >.) 
Ti deore + 


R 


Firſt take an Example of a true Square Number. 


1 Let aa 9837089 =G 
r 6, That is, the Firſt Single Root (or Side) to 41 


J///ſ%%% ̃ 

'1- — SI =—T TT | 

x 5 : | h ” 1 . | | 

nk 7=*  ) 298418544 5=D(4=e 

ls += -_ 248 =re + tee 

er Te = 64753. 50418 _ (78 

nl 80 45045 re ee 

but yea 53735 (8 D 

a- therefore oz re Zee 

d, WW = 6478 W F 

» Sia: 194344, (3e 
f 194344, 5=re+ zee 

de pe 7 5-003 


1 preſume the whole Proceſs of this is plain ; however, | 
$or the benefit of ſuch as do not underſtand an Algebraick 
Theorem, let them take it in words thus. 


| Firſt, Point the Reſolvend (or given Number) as be- 


a8 
Pie taught; then take the greateſt Square to the firſt 
6, (Point thereof, out of the Reſolvend to that Point : after 
nts Which, take half the remainder of the Reſolvend, and 


joint it a-new ; then make the Root of that Square ſo 
aken , a Diviſor ; inquiring how oft it may be found in 
he new Dividend, to the next Figure forward, reſerving 
hat Figure under the next Point, for the half Square of 
he Quotient Figure: which being found, and ſo placed, 
ultiply the Diviſor by that Quotient, adding in the Tens 
FW any aroſe from the half Square of the Quotient) as in 
6 in Diviſion, Cc. Then annex the Quotient to the laſt 
| viſor, thereby making a new Diviſor, with which pro- 
<> in all reſpects as with the laſt; and ſo on, until all 
: finiſhed. RS TE, | 
It any ſeeming Difficulty appear, 'tis only in the true 
acing of the half Square of the Quotient Figure when 
- — | 


nd 


64 Extraction of Roots: ; 
it proves an odd Number: in that caſe, bring down c 
Figure more of the next Period; under which, place ih 
odd 5, which will always ariſe from the halving of th 
Square of an odd Number. 4 
Ass for inſtance, Suppoſe 7, the Square thereof ish 
the half of which is 24,5 to-be placed as in the Seco 
Operation of the laſt Example. £1 
Nete, That if the given Number be a Surd, the Ra 
7 vill become a continued Series ad infinitum; if it H 
ſill increaſed with the Converging Number e. 7 
ut if the Number of Places (in the Root of a ,, 
Number) be limited, the Root 7 needs not be increaſe 
with e, to the laſt Operation of the whole Proceſs; i 
the Work may be abbreviated, as in this Example. Sw 
poſe ihe Square Root of 2, (a Si Number) were n 
quired to ſixteen places of Figures therein. Y 


Equation aa G, and G = , WES 


7=1, - 1,5 =$SG- 
eg „7 1 


— — * 0 . 0 „ 0 0 : 


ry +e==1,7320508) 1,002000Cc0000000 = 
rei: (a: 


550 3 UG. 
5145 =re + 2 ee pi 
33550 1 6 
3462 re ++ ee | = 
\ 880000 | | (05 =e 5 + 
8660125 = re +2 ee ** 
139875000 (G = fÞ ; 
138564032 re Nee Wy 

1310969. = 


Having thus increaſed the Root to $ or ꝙ Places yy SP 


the Converging e, the reſt may be obtained by plain D! 


viſion, making the Root ſo found, a Diviſor ; but I alWHen 


contract plain Diviſion, by omitring (or pricking off) on 
Figure of the Diviſor at each Operation; and then th 
Work will ſtand thus: . 


; 855 1 
3 ; 


1 Ot? 4 
© thy 4 | 
F the 

& 


I 2 — 2 
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p= 1,732050B) 131096800 (07568877 =e 
ES 121243556 5 3 
98532444 This Method of Con- 
86602 50 tracting the Diviſor, is of 
ſingular uſe upon ſeveral 
1192954 Occaſions, where it may 
$0922 the admitted. 
153764 
138 56016 
15204 
13856 : i 
1348 And what is here dane 
1211 as to this Abridgement, 
157 may in like manner be 
7 119 performed in the Cube, 
1240 3 = 117320508 Ec. — — 
. .  EOETY 


4 = = 1,732050807 568877 as was e 


II. Of Extrafting the Cube Root. 
| Equation a =G. To find the Valuc of 422 


Put 1 | 1 ea 
Sg rrr ＋ 3rre ＋ zree I ee = aaa = CG 
313 nenne,, 


5 l 4 e beet 


ie 


= A 


Let 3 eee r be W or ak off, as 78 0 of malt 


Value, then it will become 


7 r ee =: Er. 


and thence will re + ee = = -4 1 


Hence ariſeth this 


x EF 
+ 


Let 


„* — N PRE tad a — na Js. 
2 * "IP 2 by : 7 = * . 
1 22 ne ll. — Ie — A — wo ey 22 — 1 


9 
Ci 
8 


| New 7 33,6 376, 4384 206 Gr 


Place thereof. DO 3 — 
This Method doth alſo converge with the Negative 


New yr = 366 
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Let 37945 E, (as in Pg. 56. of this Tract.) 


6. 
then x = 30. and 12648,333 24 
421,6111 G —7 


81 


eee 


2016 =7e + ee 


| x , TG TIF. | 
ws 5 ; N A 8 33 
e 33, 60 35262) ,115492c6 =D 
108800 =re-+ee 


1680175 re + ee 
g=53,5035252, &c. 8813100 (2A 
ae e 
Here you have the Cube 209239600 (6 = 


' Root extracted to Nine 201621156 


Places, at two eaſy Ope- 
rations, the Defe& being 


761844400 '- {21 
but Unity, in the laſt 


672070524 


Sign —, if the Value of e happen to be taken too large; 
but to prevent that, take but one Value of e, at the fir 
Operation, and but four. at the ſecond ; by ſo doing, the 
Root will have but fix places at two Operations: But 
then a third will produce ſeventeen Places true ; each 
Operation converging gradually, with the Affirmative 
pign, (which I take to be beſt.) N 
Take another Example of a true Cube Number. 
ada = 48627125 2 . 
16209041, 66 c. 2G 
54030, 1388 Sc. 1G 
_ TT =” 
7 +e =366, 24030, 1388 =D (65 =0 
"0 
2196 re ee. 


— 1 iti. 7 (3e 
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But, as was ſaid above, I take but one Place, then 
„ = 560 and 4502 5, 15) A = 

3 — 43200, = v 


5 1825, re ee (5, O3 De 


4 
E 
28 
1 


1 o,115 7000 
hence 4 = 365, 0003 101 50009 == Ye + ee 
=. | | = | 
> The Root is really but 365; this Overplus of c00?, 
vould at the next Operation vaniſh. And from this Ex- 
ample, 'tis apparent, that four Places will truly ariſe in 
„ che Root, at the ſecond Operation. 
The Work of theſe two laſt Examples, (I preſume) 
is ſo plain and clear, that it's needleſs to expreſs the 
—* Proceſs thereof in Words: Alſo from hence it's as plain, 
that the Extraction of the Cube Root (heretofore ſo very 
difficult) is by this Method render'd eaſier than that of 
we Square, as it's uſually perform'd. a 


III. Of Extracting the Biquadrate Root: viz. 

aaan = G. What is the Value of 2? 
Loet aaaa = G == 2741583974, and rÞe=2 
Then [1 | rrrr + arrre + 5rree & qree2 ecee 
142 arrrr rrre i rree & reee + g2eee G 
1 | eee 45 4e 


fn; ur re ee + —+ == ur 


tive 


"EC ; 
firſt 

the 
But 
each 
tive 


Let eee x, and æ cee — vr be rejected, or caſt off, | 
{as before) then it will become ISS 
4 rr. re ie G re 


3 
= * 
and conſequently re 1300 = —— — 4 r D. 


rr 
From hence ariſes this ns 


7. boorem$ ——— _ 
| : | Arie = ©, 


Diviſor 225,795, 1.85, 01565 % — 15 
Newr 228, 83 | | 1.499550 (5 2 ö 
— 12e = ,009 1, 372926 2 I 
Diviſor 228,821 1266240 (5 =e 
d 1144105 
. 1765 


2 — 5 
3 - 
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Firſt x = 200 2141553974 = G : 
6585395993, =4G 1 
7 + e = 229 171344399 Ec. = 4 G17 2 
2 en Tar "= 
Diviſor 23 7134,89 Oc. =D (29 = 
Diviſor 233, 46 re Kis ce 1 
5 2534433 1 : 
2101, =re+ 15ee Mt / 
New 7 = 229, 13069, 8498 = * G—r7r 
=:25e ==. ,15 — 13110,25 = 477 
Diviſor 228,85 = 4002 =D(=,1= 


New r =228,9 f 22,585 == re — IFee 
— le = ,105, 17,51520 (=7=e 


a = 223, 8235 


In this Example, it appears I took the ſecond r 2d! 
too big, and therefore in the ſecond Proceſs, the Mem. fear 
ber e convergeth with the Sign — and conſequently (in pure 


this Caſe) the Diviſor muſt be re — 13e; allo at each Ar 


Diviſion, e is to be taken from the laſt y, and the remain Ne 


der will be the Nowe. Wan 

| et 5 Fo \um 

IV. Of Extradting the Root of a Surſelid (or Fifth N will 
Porer) viz. aaaaa = G. What's the Value of 47 ay 

In Numbers aaaaa = 4346789) G. 275 


then 2 frrrrr + Frrrre + torrree =G 

g rrrrr rrrre + 2rrree =3G 
4; 77 +re+ 200 = G—rrr 
3 


Put 1 7 +e=a. Re ject all the Powers of e above t 
| 


| 


Ye b=200 = — — e.. 
* 2 


2 


From 
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From hence ariſeth this 


8 


* 
nn 
* 


Theorem 4 2 * 
f e 
Erirſt T = 30 43467399 = E 
„ . 8693 5% =3G@ 
9 321,96 Kc. =5 G ry 
; . — 180, rr | 
4 4e=33 14196 =D (ze 
1 10S = 7 20 
Niviſor 36 1 
New 7 = 33, 24191160019 =; Gp 
ze, — 217,8 2 5; FF | 
New r +e= 33,7009 24,08 r re ＋ 22 
Eo eG ods TOTES * 
iriſor 33,7018 3033162 re ＋ 208 


Fo f es 3j3,õõ,“ = = e - 
hut if more Exactneſs be required, the next Opera- 
tion will produce 17 Places of Figures true. 


I doubt not but by theſe few Examples, the nature of, 
and manner how to proceed in this Method is ſufficiently 
cleared ; as to the Extraction of Roots out of ſimple or 
pure Equations, how highly ſoever they be. - 
And becauſe there is great Care and Trouble attends 
e continued Involutions of e; or 7 —e eſpecially 
& any conſiderable height, by reaſon of the Uncie, (or 
Numeral Figures that ariſe by involving the Quanrities) 
th vill here ſhew how any Power, of what Degree ſoever, 
? [ny be ſpeedily and cafily raiſed, without involving the 
Quantities at all: Thus, J 5 

Firſt make the Index of the higheſt Power of 7, the 
ame to that of the given Power of 3; then the next 
Power of 7, (into e) mult have its Index leſs by Unity, 
ind the third Power of 7 (into ee) muſt have its Index 
eſs than the firſt by 2, that is, their Indices decreaſe in 
\rithmetical Progreſſion. 5 RP 

Next for obtaining the Vaciæ, or reſpective Numeral 
igures that would ariſe by a continued Inyolution of 


=D 


From 
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# +e, a0 to the ſecond Power of 1 (into e) the Index 7 


of the firſt (or ſimple) Power of y; and to the third Powe; 
of x (into ec) prefix half the Product of the firſt Index 


into the Index of the ſecond, and theſe will be the tre 


Numbers required. 


For the clearing of this, take an Example or two: f 


Suppoſe a“ were given, and you are to raiſe xe to the 

ſame height (that is, ſo much thereof as is required h 
this Method) firſt ſet down 7, to this add r*e, with the 
Index of the firſt prefixed to it; then it will be 7? 4- 97 
To theſe add 77ee, with half the Product of 9 x &, to wit iſ 
9X 4=36, and then it will be x? + 9r*e4- 36r7ee =, 


as was required. 


Again. uppoſe 3 were given; to raiſe the reſt as be. 


fore, 7 4-18 re*?, are the two firſt Members, and th: 


half of 18x 17, that is, 9X17=153, and then they 


will ber 18 Tee 153 T 


Thus you may proceed on to what Height, and to a 
many Terms as you pleaſe, by taking 2, 3, 4, 3, 2, C 
of the Unciæ into the Indices they belong to. 


And this T take to be a new Di ſcovery, having never ſe 


any thing performed in this kind, with the like Ea 
and Expedition. \ I 


CHAP. XI. 


The Reſolving of ſeveral Geometrical Pri 
 blems, together with the Solution of their 


Equations in Numbers. 


FOR the reſolving of Geometrical Problems, it will 
be Ds to have a clear Underſtanding of the: 


two Propoſitions of Euclid, viz. the 45th of the 1ft, and 
4th of the 6th Book: of their general (and excellent) 
_ Uſe in Geometry, (and conſequently in all Parts of the 
Mathematicks) none that hath been converſant therein, 
but will readily grant; of which Des Cartes takes parti 


cular 
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> ular notice, in a Letter of his, cited by Dr. Pell, in the 

le ſþcfore-mentioned Book of Algebra, pag. 65. 

ne! And here it may not be amiſs (for the Benefit of the 
Foung Learner) to give a particular Account of the afore- 

o: aid Propoſitions. N a 

„ 


n Prop. I. In all Right-angled Triangles, the Square of 
the the Hypotheneuſe (or greateſt Side) is equal to the Sum 
% Wot the Squares of the Baſe and Perpendicular (or of the 
wit Irher two fides.) Eucl. 1. 47. 

Vuppoſe the Triangle CAB, 


be right- angled at A: And . 
| be. | t Ge 2 ; 5 | F | . 

5 — C 7 the Hy otheneuſe. Ws SF 4 52 a | og. 
8 SA the Bake. 8 4 


8 


AC the Perpendicular. Fg Jy. 5 
| Then, according to the Pro-, N . 
WE ira. 8 


R , 


E — 


p=bb - 


"AS — 


| To N e or illuſtrate 
is noble Propoſition in Num- 
- oh | | E | 1 
Let Þ . þ ==4: and $ =1. Then. © 
will h 25. bb==15; and pp . 
But 16 +9 = 25. 


Prop. II. The Sides of like Triangles are reſpectively 
bportional to each . 5... - 
That is, if there be two Triangles (either right or 
ique) that have cach Angle of the one, equal to each 
ile of the other, then are thoſe two Triangles alike, 
- willÞd their reſpective Sides proportional. 1 
thele Angles are equal, that ſtand upon (or have) equal 
, andſ'ches, either both from the Center, or both from the 
ellent)riphery of a Circle. As for example, Suppoſe the two 
of therangles to be CF, and BCD, having the Angle 
.crein, (the Center) common to both, and 2 DO, parallel 
arti- - Rk ae Oe : 
Lal 


Pro 
heit 


Then 


ccording to the Propefition, AC: AF:: BC: BD; al 


| theneuſs BC. To find the Hy N and the Side 
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Then is the Angle at D, equal to that at F; and ca 7 
ſequently the Angle at P, equal to that at A: And, ac. | 


FC: AC:: DC: BC, &c. 


8 1 ( 

's 

4 & 

75 

| tior 

In 7 

As; gain, the Triangles AMG, and H 17 K are alike Ind 
for T Angles A, and H, ſtand both upon the Arch Gil 

and the Angles G, and K, ſtand both upon A H; alſo th 4 

Angle ar M, is alike in both. Theretore, according 4 WE; 

the Propoſition, tho 


AG:HK:: AM: N M. and GM: MK :: AM AH, uam 
To theſe two, add, that the A ngle at the Center i N 
Jonble to that at the Periphery ; J i. _ Angle FC, 
is double to the Angle FGA. Eucl. ; 15 Pag 
Theſe Propoſitions being premiſed, 1 retty well ui 
derſtood, the young Algebraiſt may proceed to the Reſ 
lution of Problems into which L endeavour to introdus 


him with ſome that be caly. 5 
| 1 | 
PROB. l. ** 


N the Ae angled Triangle BAC, there is given th 
Sum of the Sides A 2, and AC; alſo the Perpendic 
jar P, let fall from the Right Angle A, upon the Hyp 


116 
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em Let the Hypoth. : C. ' AC=e. AB=y. 
ae Then | 1 le y=2z $=48 
and * * 2 way he =p 5 * $ Nn 
x 3 BC=8, fought 
i Prob. i. 1.4 fee H a : 
: 8 8 2.1 5 y: an 575 
145 Je== pe . 
3 "4" B 2 . 
1 9 27 — yy mn, 
: 6 2 [8 2% = a pa 
S 4 a 
13 % Le + 224 = 22. . — 


ö This i is called hs firſt Form of Ss adfected Equa- 
tions, and may be ſolved by compleating the — 3 yo 
in pag. 55.) Then it will become 

| Aa ＋ pA ＋ p gf. 

and conſequently a+ p=y/ 22+ Fp. 

Then will a=y/22 + pp —Þ 

| And this Method is eaſy enough, eſpecially by the Me- 
tod of Extracting the Square Root, (pag. 64.) but the 
{ame may be readier done by the following Method. 

Note, When Prop. 1. or Prop. 2. Is placed in the Mar- 
5 _ " 20 the toro Propoſitions before went em 6, 
pag. 71. 8 


like 
61 
ſo tht 


ing 1 
x, & 
ter | 
FCA 


9 r The new-found Equation is 44 + 2 p =22. 

E In Numbers aa + 344 CONT | 
Put 1 rea | | 
18242 rr 4-2re ＋ ee n aa 
IX 253 2pr + 2pe=2pa 

th N Lr, Tf E 
ven 215 rr pr & re ＋ pe ＋ iee 
25 Then 11 ub. of A — £(J = $ a hunch. 


© dice "TI hence ariſeth this 


IF 
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zo 2304 = and 19 
$rr=450 7 1152 = 1 | 7 
r 960 = pr Arr. 
"I-45 47 192% (8,8 
2 ze = 1, 1 3 
Diviſor 48,5 4856, 5000 (59 De 
New r+þ=50, 454495 5 
ER 26 =,45 1,0959 (2 =! 
2 Divifor 50,45 170182 
New g= zo, 768000 (1 =! 
F Sr — 01 389280 2 
Diviſor - 50,91 - * 258) 650823 =! 
New: Y +P=50,92 254605 For finding the 
+ 38 = ,0005 | 4190 firſt v. 
Diviſor 50,9205 40721 Zuppoſe r=4 
Ne 7 eee, 118 YY = 16 
W +f= JOE 100 z =12 
* Here I deſiſt benin 5 T 
a new Diviſor. ES Op ns, Ergo, 1 <4 
Firſt = zo Dc. e AI 


+e= = 3,921 50923. 
4 = 3392150823 This is alfo a continned Scries, as 
the Square! Root was. 


PROS . 


| S ie in the Triangle BAC, there were given d=the 
| erence of the Sides AB and A. Alſo the Per: 
Ke Hoe P, let fall from the Right Angle A, upon 
2 BC. Thence to find the Hypothe- 
| nuſe, Oc. a 


Let 20 = — LI AC = 6; And AB = = . (as before.) 


Then 


mr 


„ 4s 


hen 


ani their Equations. 


Ch. 1 1. | 75 
I 1 A=14 | 
FR 2 £ given wn 20. 
= 50 dught. l 1 
Prop. 1. |4| yy Tee aa 
Prop. 2.5: 4: :: 
i 1 6 ye = Pa 
6X 2 [/e D apa 
102 |8 S 
SY PST T f 
4, 93 180 aa = ad + 2 p 
Then [rr — = 44 5 


Ibis is called the Second Form of Square Adfeted 


Equations. 


And may be folved by Conploating the * as in 
the firſt Form, reſpect had to the Sign — 


Then it will become 


aa — 254 =. Lr. 


And conſequently, oO — 7 dd +27 Ie. 


Then will a=y/dd Yb. +2 
But this Form may be ſolved (by my Method) as was 


| the laſt, to wit, by a continued Series: 


Equation aa — 2p = dd. 


In Numbers, a — 404 =196 = e 
Put [IITTe = a 
122 rr T azre ee aA 

IX2Þ|3] zy5r + ap = apa | 

i 1 arr +2re—2pr pe Tee = G. 
425 IZrtre — yr — pe Ii iG (; 
Then CEL OLE — rene . 


From hence ariſeth this 
ES . beorem | 


2 
rr 


15 zo, becauſe of — = 2fr. Suppoſe r = 30. Then 
r = oo, and 2 = 1200. But 1200 cannot be taken 
„ | out 


\ 


3 . 
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out of 900, therefore > 30. Suppoſe r = 50, rr = 2500 


and 25pr = 2009,.. then yy — 7 500, too much; 
275 r zo, but r > 30. 


Let = 0 196 =CG and 20 =þ 
+ fr = 800 98 2 6 
—rr=800F oompr=zmrr 
7 — Þ ==20, | | 98, = 1 | (4 =: 
+ ze = 2, 7 8, 4 3 | "2M 
Diviſor 22, | - 10,00. 5 51 (,4 Se 
8 9 
1 32000 (1 =e 
—7 = 24, 4 24405 Op 
D (3 4 
"Fe RIGS > -v42464 5 
| + Ze = 50015 7271551 1124 e 
3 = 24,413 $'. . 24475 
* Here deſiſt forming — 3942 
a new Diviſor. e D441 
-- gol - 
Firſt ry =40 „ 
+e = 4,1311124 "7 
a ri 450 
8 
oe: | 
Lu R o B. nl. 


12 FOR Right-angled Trian le BCA, the Baſe (or 
Side) BA, is given; and the Hypothenuſe with the 


Area, in one em thence to find the Ferpengioula 
Ac. ag 


Let ac 22 23 BPA=b, given. 


Then 


ut d 
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do, 3 5 
hen 1 2a S the Area. t 
f And {| ela they 4 
prop. 14 3 | ee = bb aa : 
-h e=2— 234 
8 215 ee = — 2ba + 2 aa 
0 


1 | bb + aa =22— 26a -N. A M 
„ | aa— 7 bbaa + 2ba = 22, — bb 5 


Let 2 =69, and þ==7, then the Equation in Num- 
ders will be 42,93 4 — aa = 418,844.4 2 
This is a Square Adfected Equation of the 
Fa | 

| Let it be made ba — aa G. 


his Form uſed to be Reſolved, {a 
y compleating the Square, (as 5 F 
efore) but firſt the Equation is , © bb 14 
uppoſed to be changed, and = . 
ade | | 


4a — ba -E. 
hen aa — ba + 4bb = 4 bb—G. „ 
Ind a— 2b = νNι —G. Hence, 4 = Nb -. 


But I ſhall ſolve this by my Method. 
Tea 
rr o+ 2re + ee da 
br + be = ba” | 
—2 [4 | br —rr +be—zre —ee=ba —aa=C 
—2I5l #br Arr.: be —re— een 


hen will 1e - re — ee n Gt Zr r D. 


hus, 


G 2 
x b 


Þ vw 8 


(ar From hence ariſeth this 


42,93 = f | 418, 84446. 


* 220, then 17 = 400. and by = 8 58,6 
Piet 858,6 — 400 = 458,6 Ergo, r<20 
hen | bo | | = 


Let 
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Let 7 = 10 


+ 17 50 418,8444 = G. 
— * br =214,65 203,4222 =#G 


— 164,65 = 164,65 = $rr —# br 


 Sb—r= 11,465) 4447722 D 


—e= 2 37,860 
Diviſor 9,465 6,9122 
— Fun 
Newy = 14, —— 
thr = "7.405 . "Io 
SSL ING 
Diviſor 
— 64743. : 
New F=149 © is 542550 (335 Se 
zb—r= 6,555 51796C 
— 3 = 4,045. 24590 
Diviſor 6,520 1942 
New er == 14, 5 "TOO. 
th — r, 6,475 3176 
— 0005. - os. 
Dirie © 644945 © 3 
* Here I deſiſt ſorming 
a new Diviſor. = 7 
Firſt y == Io, | | 
Te 4,991838 * 
4 14,991838 Sc. od 
This Third Form is ſomething more troubleſome tall In 


the Two firſt ; but a little Practice will render it ver 
eaſy. And this is alſo a continued Series, (as before.) {ut 


1 II. n 

| N the Oblique Triangle ZCD, there is given the Bak; 
(or Side) BD, with the Side CD; and if the Diff 
rence of the Sides C, and CD, to wit, BC— CD, b“ 
multiplied into the Side CD, that Product mult be equi 
to the Square of the Segment of the Baſe, vis. = aa. 


| By theſe to find out the Segment, 4. 


Let 
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Let 3 


And 


e thin 


| 


| Then | 


= $85 2, =5; 


| BC — DC= uy 
1by = aa, by the Problem. 


— 9989 


Suppo 
from the Obtuſe Angle C, upon the 


the Side BD, call it p. 
A — 
Alſo let 


25 in the Scheme. 
| Then 


Prop.1. J 
1 
That is, 


To wit, 


11 — bb 12] yy =— 


ſe a Perpendicular, let fall 


= 0, 


5 [2þ See=bb 
6 Jaa+ 200 ＋ ee + pp = + uy + 39 
2 wo To are. * 25 


And this) roves Prop eg 3 03 27 Ku. 5 
[That BD: BC ＋ 8 

9 25 + yy =4a, for l 7 
1026 =244 ; 

11] bbyy = aa 

aaaa 


bb 


Jo 1213 2by + yy = 200+ ——- da 


14 zbbaa + aaa = bbag 
15 aaa + 2bba==bbd 


In Numbers, aaa + 62724=288512 = G. 


Let it be made N = G. 
ea 


rrr + 3rre + zree = = aaa 
ot; be = ba 


br + zrre be + zee = 

fps nin 3 

7 +5 n . 
4 


re +3 8 =D. 


PEE 


— 


, 


From 
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From hence ariſeth this C D n 
Theorem. Ir + 3b be 
6272 =b 489571 20 


If y == Ao, rrr = 64000, by = 250880. 
But 250880 + 64000 = 314880. Ergo Ad. 
Let F=3o | 
#77 300 9617 0,66 = 1G 
3 b =2090,6 3205,6 88,=4 G—r 

— 2390,6 =2390, int 1 b 


ness ) $15,022 =D 


+e= 7 8 (17>: 
Diviſor 206, 73 1 
Newr = 37, 25555707267 D 5 


| $67 = 36,506 —246 999999 =3 rA 
0 52, 20720 =D 


re 5 47:50 4 . 
Diviſor 94,9 52072 N 
+e= ,05 4 7025 Se 
5 Diviſor 94, 5 504708 1 
ee 47028 Ge 
Diviſor = 94,059 . 344130 | ” 
Ds 282177 (37 
Laſt r=37, 2 3 | | ze 
＋e 25553 pe MELEE re | by” 
ag 
E R OB. V. 


T HE three Chords (or Subtenſes) of three Arche 
compleating a Semicircle, being each given: Thence 
to find the Diameter of that Circle. 


Suppoſe AB =3 =b, BC=4 =4, and Dez; =f 


To find AD = == a, the Diameter. Draw the two D: 
agonals, BD= = J, and ac . Then is 


P70 
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* 
ag — bb= yy 
3] darÞ- bf = xy ay 


This Third Step I have 7. 
ften heard aſſerted, but ne- W.. 

er could ſee it clearly de- . 
nonſtrated; which I undertake to do in this manner. 
Make CH dicular to BC, then the Triangles 
CD, and ICH, are alike, both Right-angled at C, and 
aving the Angles at A and B, both meaſured by the Arch 
D. Again, the Triangles ABC and CHD are alike ; z 
or the Angles at A, and D, ſtand both upon the Arch 
BC, and the Angles 'DCH, and BCA, are equal: For the 
ingles BCA — ACH = 50 Degrees, alſo the Angles 
DCH + ACH = yo Degrees. That is, the Angles 
DCH + ACH = BCA + AcH; and conſe 7 rhe 
ngle DCH = BCA: Theſe being prove it will be 
AB: DC DH, and AC: AD:: : BC: S 5 


hats, 4 1 f: DH, ad a: id: BH | 
HE L = DH, and Lp bur y=DH4+BH 


Prop. I. 95 
And 


bereſore 6 f 4m, Hence bf 44g == yx. : 


1x2 |7, po — Des + ſſbb = a 
3&2 ; | 4dan + 24 T ++ biff = urg 
7, 8, A aaaa —ffaa — bhaa = ddag ++ 


J ＋4 | a 4. I — bba — 4da = 24% _ 


"Which in Numbers will be, aaa 50g ms 1 


rches 


hence 
r= l 


0 D. 


Let it be made aaa — 14 G. This i is an E. nation 
if the Second Form of Cubicks, and may be ſolved with 
he ſame Theorem as dog laſt, changing the Sign of —_ 


Then it will be r re eee ee 


From hence arſcrh this. 8 W 
9 Leeren 


5 
M IST 


P71 
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Let y==6, then rrr =2 16, and by = 300> 216, Etz 
728 6. 

SGuppoſe y 8, rr ta, aud dye 4: 400, then F124 
_ =112, hence it * that r>8, but not 9. 
A 


5 OW 120 =@E Is | 
{ — #11 ==21,3333 40 GO 
; 7 15 = 1, 66 5,0000 e 
eee. 
1 =2,083 733332 
„ en 
CRY = 5,9 ! $6 3556 
+ e=,055 29860 
I Diviſor 5,96 | 
| 2 Diviſor 2222 2 2 383 Ws 
_ 221 527675 40 | : 
+'+ b =16,6666666 7 Rm v, 3 
* oh 6048513811 = =D 2 
TT mT 519859 473935 (,coo8 =M3 * 
LE Oo a”, cy 6= 
Diviſor 5,9867 5 596678 | | (1 = 7X 
e „oO 2154 3 g 
Diviſor 598671 * 22013 (0359 92 
- „Here Idefiſt increafing 3579980 | 
the Diviſor with e. eee 
Laſt x = 8, 5 38662 50 
Te 20008 103 52. 4101 eee _ 
a=8,055810359 Ss Fi” | ; & 
X 
7 R 0 2. VE. 


＋ N E Radius of a Circle, and the Chord * Subtenl 
1 of an Arch being given, thence to find out the Chor 


of one Third Part of that Arch, which is the Trill | 
of an Arch, or Angle. = 


Let. AE=R, the Radius, and AD = Vc, 
Chord, — of 60 Degree) : 


[+ 


the gin 


-+ 


Ch. 1 K 


and Hop Eb. i 
To find AB =, Yo 3s of 20 98 


by % 
- Jobs e 
„ 


2 251 1 


W 


| ae 
Pyop. 2. 
Ne ee: K es „er =36—9) 
5 aa 
5 4 ca 44 * 5 e 
38 2 5 1 FE 14 
* R 6 e 2 SY 2 
6—5 | 1] 248 A4 eee 
Xx RRI8 Adee =RRe6 BR 
8 — 4 9 J Rs - | 
59 r Pro! 2RRa—aaa=RRc... 2 
This is is the Third Form ot Cubic Equations. 
I!] Numbers, 3a —aaa=1. 
NF Let it be made ba— ads G. 
put 5 6 
& 3 2 arre + zree a 
3 3 — | 5 
244 i Firn zr 
— 5 PF 1 
 Chorh— 7e Hom hore Toe renee Gr 
iſe . | . | wide od 
3 . . 
give 7 . =D. | 
iy | nl er From 


3% Reſolving o Problems, 
From hence ariſerh this 2 
 Theoremd 5h  ©* 


Being 6 v. > 43 but 7 


Letr = . 2 ba; 
1732 0j | 333333 = FW. - 
— 1 5 = 1,00 1, IIIII 2 HG = 
097 = 97 = Sr Oi ..: MM 
3b rz, 3333 „41 =D (= 
"= be > — ON 2. 
5 r 7 = 
7 = = 35935 209 Dll | | # 
e 3047 1 


| Diviſor 2,9933 
Diviſor 2 2 


N — — — 


New = . 960614793458 =2G—r 
tr —- 1 — 959863666667 
2h 2 
Lap = 2,534344) 4990751125792 =D © 
LE _5odoz (f, 
Diviſor 27340 24420679 (9=M 
1 —. „0 228199 „ 
Divifor LNG EET 2 (6 =! 
Diviſor 2.53450 " $920038 —(33=| 
Laſt PR=,347 | 1 882644. 
bs 2 00029635. 5 1 
* 38728635 WHEL - 1/4 
In the preceding Smale, I have 3 ſuch Pn 


123 blems, as would produce the three Forms (as they a 
: uſually called) of Square, and Cubick A eed Eq | 
tions, (each in its Order ;) that is, ſuch as conſiſt 0 0 * 


higheſt Power thereof, mixt with its Root. 


How other Equations that are Mixt, or Adſected wit 
heir intermediate Terms, (or Inferiour Powers) to wit 


| aaa + bag — ca = 4, or bag— ca — n = &, &c. 
F 93 5 = 
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might here be ſhewed by thoſe commonly called Cardan's 
Rules, or otherwiſe ; but ſuch Proceſs is too large and 


truth) have we any need of ſuch Expedients, as the caſt- 
invented purely to render the ſame more fit and eaſy for 
n Solution in Numbers. For by the Methods of con- 
erging Series, any Equation may be as well ſolved, (ſtill 


2 the three Forms. 4 e's 
l have alſo omitted the Doctrine of Surds for the like 


= Leaſon, to wit, becauſe it requires a large Explanation to 
render it intelligible, without which, it's very intricate and 
troubleſome, and rather puzzles or confounds a Learner's 
enius, than improves it; neither could I ever (yet) per- 
ceire any great uſe or advantage thereby, in reſolving any 


Problem, (and afterwards we have now no occafion for it. 
For admit a Problem, or any part thereof, were propoſe 
In Sur ds, it's much eaſier (in my opinion) to bring it out 
of ſuch Surds, before they be engaged in any Proceſs, than 
laſter they are become intangled, and mixed with other 


j J 


ſerted Rules for diſcovering of the ſeveral Roots of an 
adſected Equation, whether affirmative or negative, Sc. 
9 How ſtch Work may be rr, is already ſhewwed. 
= Notwithſtanding that, I have in this ſecond Edition ad- 

ded a Chapter in its proper place, which ſhews the young 
5 Agebraiſt how to manage ſuch Surd Quamities as may 


happen (and often do ariſe) in the Soſution of hard or 


difficult Queſtions. 


But I content myſelf in this Trad with one Root on- 


WW), that is, ſuch a one as ſuits or agrees beſt with the 
pol ature and Deſign of the Problem propoſed, leaving 


 "{Watisfaftion in each particular Caſe, gc. 5 
Before I proceed to the reſolving of other kinds of ad- 


wit, of thoſe that are already done. 


dc. Perhaps it may be ſuggeſted by ſome, that this Method 
| requires too many Operations in Divifon, as two, three, 


way be reduced to ſome of the three foregoing Forms, 


gedious to be inſerted in this fmall Tra& : Neither (in 
ing off the ſecond Term of an Equation, Sc. which was 


kee ing its own Form, as the Problem produced it) as 
; noſe 0 us 75 


a fp. aa et 


uantities concern'd therein, I could likewiſe have in- 


* hoſe Speculations to be inquired after (by ſuch as de- 
F< them) in the Works of Des Cartes, or Dr. Wallis's 
4 1. catife of Algebra, wherein they may meet with ample 


fected Equations, it may be convenient to ſay ſomething 


1 


* = at, 3 
„ ok I DI 


RI 


* 


* - 22 r > os 1 
c wenn ee, 
. Beg 0 eg ren —— 
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or ſometimes more, according to the Number of Term 


in the Equation. 1 

That it doth require ſeveral Diviſions, is true; but with. 
all confider, that thoſe Diviſions are performed with ſmal 
Diviſors, and that each Operation is in order to brit 


down both the Reſolvend and Diviſor into lower Term; | 


which was the very thing I firſt aimed at. 
| _ However, to accommodate ſuch as prefer Afulti plica 
tion (tho! the Factors be large) before Diviſion, (notwith. 


ſtanding the Diviſors be ſmall) I will here inſert a dif 


rent Method of ordering the ſeveral Powers or the Rog 
1, with the Coefficients, Cc. which perhaps may ſeen 
eaſier to ſome, and therefore may pleaſe better; tho 
both come to the ſame in the concluſion. 

And fue I have entered upon the Subject of * 


Sections, I will proceed a little further therein; and r. 


ſolve ſome of the odd Sections, viz. the fifth, ſeventh 
and ninth, paſſing over thoſe of the even Powers, to wit, 
the fourth, fixth, and eighth, becauſe they may be reſolve 


by that of the BiſeQion only; for that reaſon it will b 


_ convenient (tho? out of its due courſe) to inſert the B 
ſection of an Angle. ee 
T of a Circle, and the Chord of an Arch 
being each given, to find the Chord of half that Arc) 
which is to biſect an Arch, or Angle. | 


Let] 1 [AF=R the Radius =D, Chord of 60 Deg. 
| AD =c | | | 22A 


2 
py 
J 


en Rte... therelore it is. 

DS 70 7 aa: cc:: RR: ee i NE ED 

That is, 3 | cc :: RR:A4RR—aa=ee 
7 SIA RRaa — a = RR D. 
Which in Numbers is, 4a — 00G = 


Lag 


. the 


[That 
The; 
| And 


\ rch, 
\rch 


CO. 


Ch. 11. 


Let Tea, as before, 


Then will - rrrr — qrrre — 6rree =— aa 


And 42477 = 8re + 4ee = + 4244. 


By the Prob.r > ,5 but 7 <,6 therefore 

| Let ß then yr =,25 and rrr =,125 

and rFrrr =,062 5 then it will be 
0625 — „5e -, fee = — aa 

A-1,:000 _ 4.ce+4,ce0 = = 646-5 == 


I That is, + ,9 5 75 + 3350 ＋ 2,5082=1 
And 3, re + 2,500 , 625 


Then will 1, e ＋ ee 1935 ID 
| 3 
Conſequeutly j = 
| ſeq * 154 + e 7 
| 15,4 ie 
Tei 141 Gor; 6e 
[pivitor eee 109 
| Nt gs 2 
Irn EDS 9810 
Tee See 


— 


peur, s 


take but $17 =7, which being involy ed as be ore, 
[ric Numbers will 


9 552750 — 1,603"ee 
15069150 + 4,1360ce + 4,000CCe 


rat is. is, 9977126 — 3,5842 3e + 2,396 q =x 
nen 2,5842 jf + 2, 396 zee = ,0022854 


Land 1,49 59% je K ee = 400095471290 = 
Conſequently, + === — = 
AS C 1,4959? e 


149593 
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„ . * A » 
4 - * ” - - » „ ” ” - F — - 2 2 
— * + . "TS he © 22 8 . 2 5 2 1 . * — * 1 
—=_— W * 4 De — — e 2 5 hs wi rho — — * 4 — ; 0 7 - . 4 A by 3 : 
= * 0 Ti 8 8 8 22 - * 2 by 5 s 7 pt th p - a . 5 A 
be 7 — hs xp £ . 5 * - 4 * v9.3 4 = ma 


* 
2 
2 * 


— ” * 
e eee 


3 


2 


. " ” £ 
— 8 5 
— res, ot ot. 

y e 2 
oy > 7 . 2 . 


8 Reſolving of Problems, 


1,49593 00954 = D E 1 
þ+ e = 40006 89790 ; (0006 me Þ 
Diviſor 1,4965 368120 Gs | 
| +£ex= ,000097 448968 (33 =e 
Diviſor 1,496567 * 11915200 | - 
| 10475969 = 3 
* Here 1 defift increaſing *14392310| (9616 =e R 
the Diviſor. +1. q 
923207 5335 
1 8979361 , 
Faſty =,517 „ 1 
Tes, 14965 M: 
a =,5176379616 10306 
| e 


P R O B. VII. 


TE. Radius of a Circle, and the Chord of an Ari 
5 Nur, of 60 gr. as before) being given, to fi 
the Chor of one fifth part of that Arch (to wit, of 129% 
Let AE R, Radius R = 74 1 
and AG = ec, Chord, given al 
AB=a, the Chord ſought. | 


By the third Step in | the Proceſs of the TriſeRtion of Divi 
an Angle, pag. 83, it was found that —= = Se, and by 


the rerch Step, E : 


Make 


{Ch 11. and their Equations. 
Make D.L perpendicular to AD. 


Then are the Triangles AHC, and DAT, alike. 
And AH: CH:: "ID TP 7 20 But AH= 2 R. 


| an 'Y 
But CH = BK—e, that is, 2R — 7 
RR f 
Again, 4 72 7 , from hence it will be 
aa ZRRa — aaa „ 
JN. . RR : AL 
674 5RRana +a _ 
| But AL = AG4-E£CD, and 3 CD = 14 3 
6R * — 5R Raaa — 5 a 
fo e, ada d$ 
therefore v7 17 7 c+438 


That is, aagaa — 5RRana+ 5RRRRa = = RRRRe 
In Numbers aanag — 5 aaa 13 54 2 1 


but Tea 
* C+rrrrr + grrrre I lorrree = gad 
f | Then A TT. tim imme. 
ae I, "> „2 but y C, by the Scheme, 
as 00032 I „ode + ,oGeg = aaa 
| Then — 04 — ,6008 — 3, cee =— Jaaa 


(+10 13 5 


by is, + ,96032 ＋ 4,408 — 2,9200 =1I 
hen 4, 408e — 2, 20e „03 3968 „ 
And 1,50 — ee =,01356763 =D 


Conſequent 1 — == 0. 


* 


5 
„ 01356763 =D. 

VE 13419 Be (,009 =E 
ion A Diviſor Ter ES :} 

Firſt 7 ls 

by 
11 

New 7 == 2,09 which being ordered as before, 
| N Then 


Male 


go Reſolving of Probleme, 


+ 49003987782 + ,009 540 + „OY zee : eat 
Then 4— , 0456466450 — ,6552186—3,13500ee to 
＋ .. 047 Þ+5,c0e 5 Ja! 
. j Liiii»„‚ 
That is, „997521332 ＋ 4,3543 36 — 3, 437 ee oe 
Then 4,35433e — 5,94376e = ,000247$66S ar 
Each part divided by 3, 043) then it will become by 
1,4306 e — ee = ,0c0081436015 =D) Al. 
e 0 1 1 - 3 | thi; 
onſequent — — e ü 
15430604) „50008 1436015 =") | ; 
—e= 0005 113277 (,20c0; = 
Diviſor 1,43055 99885 15 (6 = f 1 
—e = Kees, 8288 1 
Diviſor 1, 430548 V (9 =! | of t 
— e = ,CCC0009 128749259 I * 
yy | 1 1 
Diviſor 1, 4305471 | 37734610 (263 = "7 
5 28610942 5 
9123668 
Laſt T =, 29 5403860 
e = ,000056y263 3 429162 
a = „2090569263 ee. 
I have here (according to Promiſe, pag. 86.) preſentet 
| you with another Method of Reſolving Equations, ver 
different from the firſt ; for in that the Members of th 
Solution, (to wit, x ge) together with the Coefficient 
are fo ordered, that from them (ſtill remaining in thei B 
Species) there ariſeth a Theorem for the Solution of thi} © 
Equation. Te VVV 
But in this Method, it is otherwiſe ; for when th 
Members r + e, are involved according to the Equationfſ® 4 
and multiplied into their reſpective Coefficients, then ar 
they to be brought into Numbers, and a due ColleQia 
made thereof, according to their Signs and Places. Mak 


Next, the abſolute Numbers therein (unmix'd with AH 
arc to be compared with the Reſolvend, and added to, 0 
ſubſtracted therefrom, as their Sign denotes ; after which 

| | Eg cach 


5 

5 
8 
Fo 
* 


Ch. 1 1. 


nfequently, 


2 Diviſor will ariſe; which mult be either increaſed or 
leſſened by the Conver ging e, according to its Sign; the 


F which, 7 il 
| of this an the laſt Equation. 


Algebraiſt may the better judge of the difference betwixt 


reſume, doth plainly appear, in the Solution 


I ſhall give an Example or two more, that ſo the young 


this and the other, and practiſe which he fancies. 


Note, That this Mentod doth triple the Number of 


| Places in the Root, at each Operation, as the other doth. 


PROB. IX. 


; PHE Radius of a Circle, and the Chord of an Arch 


being given, to find the Chord of the Seventh part 
of that Arch. „ | 
Let AE=SR, Radius 1 


ented 


and AM=c 


55 
5 


ver 


if th 
-1ents 

thei 
f the 


n th! 
ation, 
>N art 


ectiq 


ith! 


to, 
vhich 
Cadel 


c Chord, 3 ow © = 1, the Chord of 65 
Then AB a, the Chord of 8 Degr. 34' 19”. 


. 2 


— 2 


9 >» 
| cs; NY 
. „ 
By the laſt Problem, it was found that | 
| AG = 4a0aa —5RRaa+5RRRRa 
Pf... - aps 
And by that in pag. 83. it was found that 
3ZRRa 4a „ . 2 RR 46 
S A ee 


Make GL perpendicular to AM, then are the Triangle 
Alic and GAL alike ; therefore it will be riangles 


AH: CH:: AG: AL. But AH =2R 
And AL= HM + + CG, but 5 CG=1.4D 


2 then 


and their Equations. 91 
each part is to be divided by the Factor found, prefixed 
to ce, that ſo the ſame may be cleared: Co 
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then by taking thoſe that are equal, it will be 


N. 2RR—aa A — 5RRa*+ 5R*a_ 3 RRa—444 
VF 
If RI, as before, then it will I e | Di 
2 22— 44: 4 — zd + 5a :36+ —.— | - 
That is, —a + 148* 1444 74=z x3: * 
OY * a. Then it will be neu 
—— re — 21e =— 4 e . 
+ 5r5 + zy , 507366 = + | 2 
C 9 | — 
+ Ir 7 =—+ 74 | 


2 


Ft c=1 1 I y z bythe Scheme. | 


— 


— 


— ,COCOCO 1 — 0000078 — z00D2ITEC 


Then IÞ 390907 + 00350 o+ 0762 


— „014 c 
5 | + 7 | —oe7,00. hs : . 
That is, + eee + 7021 
Then 6, 58349 3e — 4, 130216 8,3139301 
And 1,5936 — ce = 5076008 = * 
Conſunently$ _D . Se 
8 
1,593 
— e 504 | 1015008 =D i 8 3 
Diviſor 1,55 1 (D = En 
—e = „ "000. od f 
Diviſor 11544 | TS T3596 


— 


Laſt 7 i to Which add 049 New r= 149 
— ,9Cc00163044 — ,0C00766e — , 001 54:2 

=_ 7051457839 ＋ „0172 508e + „231 56e e 

— „046311286 — ,932442e 0 2389 
1,043 | +r,oe. 


5 


E's 99 ö 16195 + . — 898 r 
That is, 10 941376 — ce = 1900464340511 = = 25 


1009415] 


ch. 11. and their Equation. 93 


„ 


4 1, og 4133 5000464340 =D 

— — 0 = 30004602 | | _40360 5 9 (,c004 == ; 
| Diviſor 1,0090 5 r | (5=eE 
og fo 
| Diviſor 1,0089535 _ e {oz =e 
| LN N RE ne 
ere] deſiſt forming . 3 
new Diviſor. = I 720700 (oi Se 
tra 1008953 
Laſt 7 =, 49 : LM 
Te = ,000460201, 2149460201 =g 

b D R O B. X. 


ö HE Radius of a Circle, and Chord of an Arch be- 
ing given, to find the Chord of one ninth part of 
C e SE | 
Ibis Problem needs no Scheme, but a Confideration of 
e Equation ariſing from Prob. VI. viz. Of the Triſection 
Lan Angle: There it was found that e 
3 RR — aa = RRc. : 
Ind if it be made R=c=1 in this Problem, as it was 
that, then it will be | | 
| dg 11 2 
Ind here we are to find a third part of that Arch whercof 
iS 5 Chord, for of = In order thereunto, let it 
made 35 — „„ „ 
Ind for the Chord 23 put 4 ; then will 

za aaa =, and ga — zaaa = 33 
Alſo, 2 74 — 27 jẽj] + 9097 - yy. 
nd from theſe will ariſe this Equation; 


089 — 9a” + 2745 —30a* ＋ 9 = y -u = 
is before, c i the Chord of 6o Degrees, then will a 
the Chord of 6 Degrees, 40 Minutes. T7 
put r + e =4, then there will ariſe theſe, vis. 
+7? + gr *ed- 367760 =+ 0 
—gr7 — 637% — 189 *ce =—94a7 
t+2rri + 1351*%e + 27criee = 2745 
41311 — 307 —gorfie—gore=—3at - 
Þ+ 97 ＋ de —.— 
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c=z21: then #f>S 51 but 7 - 2 becauſe we are 10 
find the ninth part of the Arch: Let 7 =1, which beg 
ordered as the Species directs, will produce: — NT) 


bers. Dis 
+ \ 200000001 ＋ ,o0000009e + ,9000036e it Dis 
— ,00c60009g — 400090638 — ,0OIBgee *. | Dix 

+ , oO + 01358 = 52708 - ">" 
— ,03 IE. > _ PP 5 The 
T doe 701 wit! 


That is 870269101 ＋3, 11343 709e — JO” FER L 
Then 8, 11343 09e — 85,5 3188646 =,1297 35899 
And 92916 — ee = 014857 =D 

: Conſequently, — * 


— 


e fin 7: 0485) =D. EM 
—e == 0163 oft ©, Ts (,0163 = 
Diviſor 591 5757 ; e 
| Diviſor E & "=; $479 . 
Diviſor * n 


27284 


N F +, 0163 =,1163 = T take # = 116 
Which being ordered as before, will-be | 

54 OOO 3829 + ,000000295e + oo | 

— ,090902 543598 — „0001 534936 — 903964200 

+ 000567092247 + 0244436266 + 4214719 
5 I, dg — 10, ggee 


＋᷑, 44 Tobe 3 


N 1475 + 7,$13230425- 18532873 
That is, 7,8132 5e — 10, 02254336 = ,002262328 522 
And then, 779 50768 re err 1009225723995 =. 


mee 7575 r bo The 


97 bs 
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"195515 00022372399 =D 
wh, —e= 50 02896  . 15586 ; (. ioo Se 
| Diviſor 1793. 698639 (s e 
Diviſor „% 8 423424 FS 
Diriſor „7792780 1521595 G 
| „ 701350 
The Diviſor remains JOY (652 =0 
without new forming. 46755580 
=: lit , =,116 40526200 
Te „0002896 52 3896 3900 
4 25116289652 15623000 


15585560 


l have choſen to proſecute theſe Angular Sections to 
this height (<ch1ch is further than I ever ſaw) for that I 
was willing to ſhew by Example, with what eaſe and ex- 
Edition this Method reſolveth high Adfected Equations; 
the Root converging as quick in them, as it doth in thoſe 
pf a lower Rank. „„ : 
Alſo becauſe from hence may be propoſed a much 
Wncedier and eaſier Way of Approximation, towards the 
nding out the Circumterence of a Circle, than what the 
Antients had ; for Archimedes (and others ſince him) pro- 
ceded therein, by the continual Biſection of an Arch: 
z5 at Prob. 7. beginning with the Chord (or Subtenſe) of 
Degrees; that is, of & part of the Circumference, and 
om thence found the Chord of , then of 4, then of 3, 
then of , then of +, then of 31, and ſo on, according 
to the nearneſs they intended to bring the Chord to the 


urch itſelt. And this way of proceeding (as they reſolved 


or the Square Root (that is, Root out of Root) to obtain 
the Chord of zz, part of the Circumference. And no 
loubt but they * uſc of thoſe numerous Extractions, 
or want of other Expedients to facilitate the Work; other- 
iſe (ir is but reaſonable to ſuppoſe) they would not have 
ſpent ſo much Time and Labour, as muſt neceſſarily be 
equired in the performance thereof; both which are by 
his Method much abbreviated, and not only ſo, but may 
e more accurately performed, becauic here is not requi- 


red 


at Equation) requires Twenty-ſeven ſeveral Extractions 
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red the Extraction of a Surd Root, out of a Surd Roy 
ſo often repeated: for by the Reſolving of one Equatin 
here is produced the Chord of sI part of the Circumf. 
rence, beginning at the Chord i; for 5ot H; and 
a Solution of the ſame Equation a ſecond time, it gil D 
produce the Chord 2386 part of the Circumference ; fu 
Jof 4 =335- And if further Exactneſs be required, 
is but repeating it once more, and then it will produg 
the Chord of 374, part of the Circumference. Which ;M 
nearer than can be obtained by the < ans 57 of fifty-thri D. 
ſeveral Extractions, by the Methed of Biſection beſin 


mentioned. 


Ard the better to ſhew how near two Solutions will ap - 
proach to the (common received) Circumference of a Ci . 
whoſe Diameter is 2, I have inſerted a ſecond Procei Or r. 
taking the fame Zquation Equal to the Chord lait found Cn 
„ „ 

J brjuf —308* +965, 116289652 uu 
And for the ſame Reaſon that the firſt y=\,r in th 3 
1aft Proceſs, in this it muſt be made r= , ol. =— 
And here it is to be noted, that becauſe Yr =,or the "on 
will o — 977 the two firſt Members of the Solution, hu ee 
one 17, and the other 13 Cyphers before their fignifican 
Figures; both which being of ſo ſmall value, may be f 7; 
jected ; by which the Solution will become contracted vil 
this following. 3 

zr ＋ 135 ο - 270% ee | M. 

— 3273 —yorie— gore 2 „116289652 | 
„% .. worn ym 
| + ,000000092 7 + ,00000 135 + z©002 7CC Th 

Then <— ,00303 — % — , % 


+09 + 9,o00e | 


| Viz. 08997/00027 + $,99100135e—,89973ee=, t 1628453 Laſt 
Then $,991cc155e —,$9973ee =,02963196493 + 
And 9,9938 — Ce = ,0292528306 =)  _ 7 


— 


Conſequently] , 5 7 e 

| $ | 

1 
9,99: 


lor rather new 7 = 0,0 12928 for a "Oe" Operation; and 
let Tera, as before. 


Then the ſeveral Powers of e being raiſed, and 
multiplied into their reſpective Coefficients: as in the laſt 


Work, ſave only now all the Powers wherein ee is con- 


h duced will be theſe : 
ant 
* r + ,0000000097 Þ ,0000038 
_ 772 — ,0000652086 — ,o15041e 
* FH Þ ,116352 .. . + 9,000000e FE 
1 T2 86857 Fee ee 26 
| Hence i it will be 8,98496e = r 1 = D 
 ConſequentlyS 5 FF N 
That is, 5984960 ,0000028 51000 1 
2695485 IL 
6 1555120 
wy 5 5 898498 
at 7 = 0,012928 6566240 
= OO, 0000003 3173 6289472 
Pe ,0ng283173==e 2767680 
2695458 


Sc. 
he Chord 4 z 7 part of the Circle's Periphety, 
o de: 


em d _ be wholly rejected, and then the Value of e 
Pray be found by plain Diviſion, . The Numbers ſo pro- 
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\ 


9,993) 0292548306 =D. Candy. 
== 4002 19982 (.. 002928 S e 
Diviſor 9,991 927083 
— ern ,0009 $99109 5 
Diviſor 9,9901 22797406 
— & = ,00002 1998016 
Diviſor 9,9908 7993900 
= 7992004 | 
La F=,01 5 
+e = 003928 3 = 012925 =4 


_ 1 n 38 -4 


— * 32 YI 0 2 OY hg c WE 8 
LO” . ̃]⅛— . 7 e 
32 . -, = 5 o 


o_ 2 


—— oo ets ee a — 
2 8 . 0 . 
«hart ob ren Pct —  —— _ 


96 Reſolving of Problems, 


red the Extraction of a Surd Root, out of a Surd Roy 
fo often repeated: for by the Keſolving of one Equatia, 
here is produced the Chord of x} part of the Circumk, 
rence, beginning at the Chord ; for 5of & = ; and b 
a Solution of the ſame Equation a ſecond time, it wil 
produce the Chord 2386 part of the Circumference ; { 
Jof 34 a4. Andit further Exactneſs be required, i 


is but repeating it once more, and then it will produ D 
the Chord of v 5, part of the Circumference. Which; 2 
nearer than can be obtained by the repetition of fiftyumm D. 
ſeveral Hætractions, by the Methed of Bi ſection bei 

mentioned. | | Laſt 


Ard the better to ſhew how near two Solutions will 
proach to the (common received) Circumference of a Circk 
whoſe Diameter is 2, I have inſerted a ſecond Proceſ 
taking the ſame Æquation Equal to the Chord laſt found 
to wit, „ 5 

4 — 9 ＋ 274 — 30a + 9 i, 116289652 

And for the ſame Reaſon that the firſt T 1 in th 
laſt Proceſs, in this it muſt be made F = ,t. 

And here it is to be noted, that becauſe 1 =,o1 th 
will — 977 the two firſt Members of the Solution, han 
one 17, and the other 13 Cyphers before their fignificn 
Figures; both which being of ſo ſmall value, may ber 


: Vi 
jected; by which the Solution will become contracted! 


this following. 
+ 2575 +1357*e+ 20 ee . 
e zr —gorie— yore 2 „116289652 
Tor ge 
. IR + ,20020c0927 4 ,000001435e ＋ „0002 7 Th 
Then <\— ,00003 — 0099 — pee 
+09 9, oo 
Viz. ,0899700025 + 8, 99 1001 35e—, 8997 zee , 1162595) Laſt 
Then 8,99 10013 5e — ,$9973ee 02963196493 * 
And 9,9% ße — ee , 0292528306 =D 4 


/ 


He 


— 


L999 =e © | 


— — 


Conſequently 


ie C 
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93993) » 
— en ,002 19982 (,002925 e 
Diviſor 9,991 927083 
— £== ,0009 899109 
Diviſor 9,9901 2797406 
— & = ,00002 1998016 
Diviſor 9,908 7993900 

| 7992064 


= 012928 24 


Lat T =, 
+ e=,002928 


Or rather new * =0,012928 for a ſecond Operation; and 
let Tera, as before. % 
Then the ſeveral Powers of 1e being raiſed, and 
multiplied into their reſpective Coefficients: as in the laſt 
Work, ſave only now all the Powers wherein ee is con- 
cern'd my be wholly rejected, and then the Value of e 
may be found by plain Diviſion, The Numbers ſo pro- 
duced will be theſe : „ „„ 

C-, oo ) + ,0000038 

be n „ „s 52086 — 01 50 41e 

tedy Vie. + ,116352 . .. + 9,000000e 3 
: + ,1162868011 + $,984962e =0,116289652 


Hence it will be $,9$496e = 0,000002851 = D 


Conſe 94 1 
onſequentlyY T =: 
| 5 1 | 9 $,98496 DER | 
That is, 8,98496) ,000002851000 (40090003193 e 
He ai 
1555120 
JJC on 
Laſt r= o, 012928 5566240 
== 888808803173 6289472 
＋e = ,0129283173 4 0 


— 


80 


2767680 
2695488 
e Chord of ic part of the Circle's Periphery. 


0 Conſe. 


197 


will be the Circle's Periphery produced from this Sol. 


and Demonſtrable of all others. 
ther 6,2831833) whoſe Diameter is 2, not only the Pet 


Solidity and Superficies of any Sphere or Globe may he 


6 Peripheries may be found by the fil 7 


Proportion, 


Side of the greateſt Square ; A 


ijts inſcribed Circle; and P S its 
Periphery. Let D= 2, then 


Again, Suppoſe ab = the 
Side of the leſſer Square; and {| 
ab, the Diameter of its in- E 
ſcribed Circle ; and let P = its 
Periphery. $24 


the Periphery of that Circle whoſe Diameter is 4=1 


99 Of finding the Periphery 


1 0,0 129283173 X 486 6,2831625, Er. 


tion; being ſomething leſs than 6, 28318 53, which is the 
Periphery very near the truth. _ 8 
There are other Methods of approaching to the Circle; 
Periphery ; (for exactly true, it cannot be found:) bu 
this way by the Chord of an Arch, (be it per/orm'd þ 
what Section you pleaſe) I take to be the moſt Natur; 


Now by the help of this Periphery 6,2831625 (or n. 
phery of all other Circles and their Area's, but alſo th 


eaſily found. 


PROB. XL 
Of finding any Circle's Periphery and Arca. 


lowing 2 8 3 
e the Diameter of any Circl? : Is in jit 
portion to its Pertphery : : So is any on 
; (Diameter: To its Circle's Peraphery. 
This Proportion may not only be Illuſtrated, but aj 
Demouſtrated, by the annexed Figure. 
Wherein ſuppoſe AB= the 


and D = AB, the Diameter of | 


will , 2831853, as above. 


Then 1 think it's eaſy to conceive, | by the Figure, Hultip 
That D:P :: 4: p, vig. 2: 6,2831853 23 1:2,1415926=her 


1 1 Peri pheries of Circles are in proportion 0 
er” to another, as their Diamiters are. 1 
| ear 4 i 


S, MCh.11. and Area of the Circle. 99 
Conſequently, if the Diameter of any propoſed Cirele 
be multiplied with 3, 141 5926; or as in common Practice, 
with 3, 1416; the Product will be the Periphery required. 
For to find the Circle's Area; tis very obvious, only by 
Inſpection of the Figure, 8 1 3 
CE As the Perimeter of the Square (viz. the $1111 of 
its four Sides): I in proportion to its A- 
rea :: So is the Periphery of its inſcribed 
-- Circle: To its Area. F wo 4 
en Thus if D= the Side of the Square, and Diameter of 
. ts inſcribed Circle : Then 4 D= the Perimeter, DD = 
he Area of the Square, and 3.1416 D==p the Periphery 
f its inſcribed Circle, found as before. 5 
And then it will be, 4D : DD:: : to the Circle's 
rea. 9 
Or 44: ad :: p: to its Circle's Area. 
H=, then 4d=4. dd=1x1=1. and 5 
. 14164, as before. . —_ 255 
Then 4: 1 :: 3.1415: 0,78 54 the Circle's Area, whoſe 
Diameter is 1. Co pn 
| Now this way of finding the Area of a Circle, by com- 
aring it with ' 8 of the Square, not only agrees with, 
ut alſo proves the ſecond Propofition of the twelfth Book 
Euclid's Elements. . 1 8 
(The Area's of all Circles, are in propor- 
Propoſition, 5 tion one to another; as the Squares of 
r are.” 5 
W For if D the Diameter of one Circle, and I = the 
Diameter of another Circle ; then o, 78 54 DD = the Area 
that Circle; and c, 78 54 % will be the Area of the 
J * 15 
But o, 78 54D D: o, 8 544: DD : 4d. Ergo, c. 
urg hence it will be eaſy to deduce the two following 
v2, That if the Diameter of any propoſed Circle be 
Hultiplied with 3,1416 ; the Product will be the Peri- 
nery of that Circle: And if the Square of any Circle's 


e the Area of that Circle, in ſquare Meaſutes (or Parts) 
the ſame name with thoſe of the Diameter: vis. if 
© Diameter be Inches, then will the Area be ſquare 

ches; and fo for other Meaſures. 1 
7 "AF 2 3 Now 


hiameter be multiplied with 9,7854; that Product will 
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to the Cube, and its inſcribed Sphere or Globe. 
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100 Of finding the Soliditiy Cl 


Now what is here done, as to the Proportions betwjy 
the Square and its inſcribed Circle, may alſo be applied Nits 


8 J) èͤ So | 
To find the Hlidity and Superficies of any Sphere, &c. 


HUS if we ſuppoſe 4=1 to be the Side of th: 


Cube, and Diameter or Axis of its inſcribed Sphere; * 
then will 64 be the Perimeter or Sum of all the Sides; 
add its ſolid Content; and 3, 14164 = Pi the Periphen f ! 

of the e greateſt Circle. 1 en 
And the Proportion will be, cle 
6d 3, 14164 :: ddd : e OTST = 
lid Content of the inſcribed Sphere, whoſe Diameter © 
Axis is 1. ; „ W; 
Whence it follows, that becauſe 4= r, whoſe Cube 1 
IXIXI=1; therefore if the Cube of the Axis of 2 Ace 
E Sphere, be multiplied into or with 0, 52 36, ei bare 
Product will be the ſolid Content of that Sphere. thei 
That is, Suppoſing D= the Diameter or Axis of Pri 
Sphere; then 0, 5236 DDD will be the ſolid Content dM plai 
8 3 mee 
For dad: DDD :: o, 2 35 : , 520 D; whid Vet! 
plainly proves the Truth of that difficult Propofitio, 
18 Euclid 12. %%% a, 
1 3 That Spheres are in proportion one to another 
Hee Aa the Cubes of their Diameters are. Sh 
2 5 | | „ = 6, 
Having thus obtained a Rule for finding the ſolid Conto t 
tent of any Spherc, by comparing it to its circumſcribiny eve 
Cube, Oc. let us ſee how to find the ſuperficial Content then 
by help of the Cube : Which, I preſume, may be dond Min 
by this following 5 Arch 


£45 the folid Content of any Cube: Js io il 


arma Superficies:: So is the ſolid Content ii Con 
1 ( . inſtribed Sphere: To its Superficies. 

vi. Suppoſe D= the Side of the Cube and Axis" 
_ the Sphere, as before, £2 


The 


Ch.11. and Super ficies of the Sphere. 101 
Then 6DD = the Superficies of that Cube 3 DDD 
fiel {ts Solidity 3 and 0,5236 DDD the ſolid Content of the 

inſcribed Sphere : Then it will be, 3 

*. Mw... 9.5236 D D x 6DD 
DDD : 6D D:: O, 5236 D 2 D: —— — 
[= 3,1416 D, the Superficies of the Sphere. 

This Equation gives the following Theorem: 

T 6 The Superficies F every Sphere (or Globe) 
ere; Theorem 1 is equal to four times the Area of its 
des; r = Fs 
ben That is, if D= the Axis of any Sphere, then will 

[-,7854DD be the Area or Superficies of its greateſt Cir- 

cle; and c,7854DD Xx 4= 3,1416DD the Superficies of 
the whole Sphere, as abvſe. . 

Therefore it will always be, _ 
As 1: 3.1416 :: DD: 3.1416 D the Superficies of 
any propoſed Sphere. Les „„ 


Thus have I preſented the young Algebraiſt with a full 
Account of the Circle, and Sphere, Cc. not only of the 
bare Rules by which they may be found; but have traced 
[their Proportions from their original Foundations, or firſt 
Principles; and dare preſume to ſay, they are rendred ſo 
plain, clear, and eaſy to be underſtood, as he will not 
meet with the like in any other Treatiſe that was ever 
VV N 


C U 


er 0 


ube! 
if an 
5, the 


of an) 
-ent d 


which 
ofation ff 
ROS 20 
N now proceed to apply the aforeſaid Periphery 
6283185 of the Circle, whoſe Radius is Unity or 1, 
to the making of Natural Sines and Tangents, by two 
ſeveral Methods. And in order to perform either of 
them, it mult be preſumed, that the natural Sine of one 
Minute doth ſo inſenſibly differ from the Length of the 
Arch of one Minute, that it may be taken for the ſame. 
rc 10iff As the Periphery in Minutes: Is to the 
I Conſequently, 9 Periphery in equal Parts of the Ra- 
z of i 4% dis: : So is one Minute: To the Parts 
5 8 5 agreeing to that Minute. on 
That is, 21609' : 6,28318$5 :: 1' : 0,000290988 = the 
natura] Sine of one Minute; which agrees with the largeſt 


able of Sines I ever ſaw. 
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102 The making of Sines, &c. 


_ Suppoſe RA=RS the Radius of any Circle, SN 

the Sine of the Arch SA. Then RN=CS, is the Cy. 
Sine of that Arch. But f ee 838 

 RS—O SN=D RN, con- 
ſequently HRC U 
= RN. 


*» _— — — — 
: Pr Ig _ , CET _ 
22 PRE Een nin EE. — — _— 5 ag > 
T. = =. c-fos. was : —— Es — TESTS Ihe. 
= = F — 
- : 


of the Radius, ſubſtract the 


following Equations: 


the Radius. 


Having thus got the Sine of one Minute, its Co-Sine 
may be thus found: | e 


That is, From the Square 


Square of the Sine of , the 
Square Root of the Remain- 
der will be the Co-Sine of 
1 per Chap.9. Prop. 1. In 
8 the Sine of 1“ is 
000290885, its Square is 0,050000084612 ; and 1 


 ©,20000008461 S, 9999999 15388, the Square Ron 

thereof is ,99999995 = the Co-Sine required. 

Ihe Sine and Co-Sine of one Minute being thus od. 
tain'd, all the reſt of the Sines in the Quadrant may be 


gradually calculated by Mr. Michael Dary's Sinical Po 
portions; Which I ſhall here infert, to the ſame effect a 
they are in his Miſcellanies ; and then explain and de 


monſtrate the Truth of thoſe Proportions. 


If a Rank of Arches be equi-eifferentz _ 
(As the Sine of any Arch in that Rank : I. . 
the Sum of the Sines of any two Arches equal 
Then Vemote from it on each Bi 2: So is the Hin 
1 of any other Arch in the ſaid Rank : To tit 
Sum f the Sints of t*6 Arches next it on ea) 
Side; having the ſame coiumon Diſtance. 
Immediately after theſe Proportions, he lays down the 


Three Arches equi-different, being propoſed ; if (faith 


he) you putZ= the Sine of the greater Extreme, y= 


the Sine of the leſſer Extreme; I= the Sine of the 
Mean; = the Co-Sine thereof; D= the Sine of the 
common Difference; 4= the Co-ſine thereof; and R= 


224 220 


1. Then Z N 2. Then a anche Ih 


rr ES os 
LIE | 224 Ii 7 ia — Mt 


Thus 


Ch.1 1. T he making of Hines, & c. 135 103 


Sine N two Thirds, vig. either the former or latter 60 Degrees 
or the former zo Degr. and the latter 30 Degr. of the 
NS uadrant be compleated with Sines ; the remaining part 
Co. ot the Quadrant may be compleate d by Addition, or 


Subduction gue 0 VVV 
Thus far is from the Ingenious Mr. Dary, concerning 


thus demonſtrate. 
In the annexed 
Circle DA == Aa 


are Diameters, 
| h=ha Sab = 
| are equal Ar- 
A WM Draw JZ pa- 
; _{Wallel to 4; 
Ron hen will NE = 

If. And the 
- 0). A ac, like the 
y oe, being both 
"Pro richt-angled at c 
nde. and / = 


G becauſe ſub- h | ee — Woe 
tended by the 6 -.- | Wy $ 
qual Arches ac = fa. id 


Therefore 4a: gc 15 Gf : Ge. 


Is 1 787 | EET 
14 Conſequently 342 : dc :: 1 6: Ge. But Hh = G i 
Sin hence HN = Eh, and 2 da = the Radius, 4 = 1 
0 tle Therefore it will be, Radius: 24% : : HASAG : GN 
eb GCN Lf. That is, As the Radius : Is to twice 


be Sine 4p :: So is the Sine HH: To the 8 
wo vines GN and FL =fT. . E. D. W 
I ſhall now explain theſe Proportions, and ſhew how 


Gaith Key thay be applied in Practice: Having the Sine of one 
” mute, and its Co-Sine as before; let the Radius be 
LAY fade rhe Mean or Middle Term between tlioſe two Ex- 
themes; then the Proportions will run „„ 

1 As the Radius: Is to the double Co-Sine of ons 
NF Aſinute :: So is the Sine of one Minnte : To 
1D lus, < rhe Sine of two Minutes, and of col: And ſo 
—, I #5 the Sine Mal:: To the Sim of the Sines of 


and i:: Aud ſors the Sine of 5': To the 


Sum of the Sines of 4' and 2. Mag 


From the foregoing, it is evident, (faith he) that if l 


theſe excellent Proportions ; the Truth whereof 1 mall 
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perform'd by Addition and Subſtraction, until all the Sing 
are gradually made. N . 


— — 
1K —— — — 


RN: N: RH: TA. And RN: RS:: RA: RT= 
"the Secant of that Arch 
I ſhall now proceed to a ſecond Method of finding the 


ſtance of any precedent Sines (as above) ſave only th 


— 


104 The making of Sines, &C. 
And ſo on in a ſucceſſive Order, from Minute to Minute. 
And then, if from the Sum of the Sines of 3“ and 1 be 


taken the Sine of 1, the Remainder will be the Sine c 29 
3': And the like, if from the Sum of the Sines of 4 ay C 


2 be taken the Sine of 2“, there will remain the Sine MM 2? 


Proceeding on by this Method, all the Natural Sines h 


the Quadrant may be eafily calculated by Addition, aue 


Subſtraction only. For the Radius, or firſt Term in th Th 
Proportion, being 1,coucooc or Unity, Diviſion is wholly 
eſcaped: And becauſe the ſecond Term in the Proportid 
varies not, if a Tariffa, or ſmall Table be made theres MW . 


to all the nine Digits, then Multiplication is alſo eſcape 
For by the help of that Tariffa, the whole Work may k 1 


Thus you have an eaſy way of making the Canon d 
Sines 3 which being once done, the Tangents may ki 1 
found by the following Bu 

A the Co-Sine of any Arch: Is to the Sin 1 
Proportion, of thas Arch :: So is the Radius: Jo 
. Tangent of the ſame Arch. 78. 

That is, by zhe firſt Scheme of this Problem, 


Natural Sine of any propoſed Arch or Angle at pleaſur 
by the Solution of two Equations only, without the aſl 


of 1, viz. 0,c00290888, found as at firſt from the Per 
phery of the Circle whoſe Radius is Unity or x. Thi 
Method of mine, (for ſo I may juſtly call it) admits ¶ Peco: 
two Caſes. 8 


Caſe 1. If the propoſed Arch (or Angle) be leſs t Fi 
245 Degrees, reduce the Degrees into Minutes, and the 

multiply thoſe Minutes into this conſtant Multiplicau „. 

©,000290888, and call that Product 5, and for the Sin ſecc 

{ought put a. Then it will always be this general Equff lf 

tion, 5 I 1 yhere 

L aaa ＋ 12pand— 19 54 — 36ppan + 240pa owe 

DOR 7 9 b 

Suppoſe it were required to find the Sine of 17 dem 

10, 2 8 8 5 fin 


— 


— 


Ch. 11. The making of Si nes, &c. 105 


e, Firſt, 1)” 10/ = 1603cl. Then ,000290885 X 1030 = 
1 be 299614, &c. =F. Thence the Equation, with all its 
” a Co-efficients, will become, — aaaa + 3459537 aaa — 
Rh 198,2 31684 + 71,90761364 = 4,0396c196 the Reſol- 
N.. In this Caſe, the firſt 7 may always be taken the 
wy ö next neareſt to the firſt Figure in thu Product = p. 
5 n That is, I here take 1 , z being more than juſt, there- 
* fore it will ber —e= 0. „ © 
— vr z2re ee n aa 


ered WF Conſequently yr zrre + :ree aaa 


(rrrr — qrrre + 6rree = 0048 


thoſe Powers multiplied into their reſpective Cocthcicnts 
of the laſt Equation above, will produce 

+ 21,57228 — 71,9076e=4a. LES 

— 17, 84085 + 118,939ce — 198,2316ee = 4 

＋ C, 09707 — :c,9707e + 2, 23586 e = aaa 

— 5, oo8 to + o, io8de — o, F400 a1 _ 


ay Vi This 7 o, z being involved as its Powers direct, and 


r 


0/2. ＋ 21,5693 + 46, 16876 — 195,535 ee = 4,03960196 


7 = Hence it will be o, 236 1e — ee o, o01 12 103 2. 
i Theorem . =e 
8 | (0, 2361— e 
eaſule Z 3 
a q Operation o, 2361) o, 0112103 (0,0483 
7 | w_— _ 928 555 N 
2 Per ; nn ——_ | | 2 
Tu Firſt Diviſor 0,222 „ 
mits M econd Diviſor 9,2313 18504 
: my . 7990 
Firſt 3 
1 thet | — e =0,00483 2 | „ e 
* -es. % = & Or rather Newy = 3295 1 for 
e dit 3 


i ſecond Operation. OE WY a = ne gs 

If the Powers, of this new Te be raiſed, and thoſe 
zherein ee is concern'd be wholly rejected, the remaining 
Powers being multiplied into their reſpective Co-efficients 


Equi 
471 
hence the Value of e may be found by plain Diviſion 


17 det only. | 
Þ +21, 


Fick 


as before) will produce the —_— Numbers, from 
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Natural Sine of 17? 
— 


eneral 
is — 21 + 12 pa — 19506 36Ppas 
before. | 


The making of Sines, &c. 
+ 21, 2199365) + 71,9075 1e- 
— 17,2628077I —116,99634e 
+ 0,09239572 + 0,93 £26 
— 0,007 58624 — 0, 10279 


9 4,0493836 — A452 5160 = 4,03960196 


4,03960196 


That is + 44,2516e = 0,00233640 =D 


I : 
chene — 2 27165 =e 


44,2516) 05002 336400 (S, οοõ 7 =; 
2212580 


— 


1238200 

885032 
3531680 

3097612 


c. 


Operation 


Laſt 12, 2951 
eo, ooO9527 
e 12951527 8 4 the 
10¹ as was. 


Example 2 2. 


Let it be required to find the Natural Sine of 2 5 
= 15327, Then , 000290888 x 1532 ee 


For the Sine ſought put 4; as before in the laſt Example 


e 4. And let r= a the firſt Figure in 
'The We in this Cab 


240 = wo 4 a 


Let r + 
the Product = þ 


And becauſe it's now, r + e = =4a__ 
Therefore it will be, rr +2re + ee=an 


rr 3rre + 3ree = = daa 
And 5 rrrr * arrre + 6rree aaaa 


Theſe Powers of r =0,4 being truly raiſed, and mul- 


tiplied | into the Co-efficients, will . 


+ 42,7315 + 106,95370 

— 32, 3439 — I61,7195e — 202 „1494 ee 

I , 3422 + 2,566 + 6,4172e 
Do, oz 56 — 0, 2560 - 00,9500? 


r 


A N | 


vi, 10,7 542 — 52,4496 — Iy6;69224 = 8, 9368 


Hence 


Wi 


i am 4 WV 
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Hence + 52, 4549 ＋ 196, 69 226 = 1,5174 
Which being divided by 195,692 2 


will become 0,2660 + ee = 0,009240 = D 
And F = = # 


Operation : 2,256) 5,009240 Go31 — 


„ 82 
Fit Heime 
| Second Diviſor 2979  __297_ 
"= Firſt 1” = 0,4 po 
e 031 


.r+ emo: r for a ſecond Operation. 


Which being involved, Sc. as in the laſt IT; will 
produce theſe following Numbers : 


64, 639 26 =0,002415118 
Thence it will be 64,6392) ,002416118 ( e 


1939176 
a Laſt 1,431 TL, 4769420 
0 51 + e =0,9000373 445724744 
ö 8 Fen +4310373 =4 &c. 244676 5 
mple 
ure u Caſe 2. When the propoſed Arch or Angle i is greater 
Caſe 


than 45 Degrees, you mult take its 2 to 90%, 
> ; iz. Subſtract it from 90 Degrees, and 

Remainder into Minutes, as before: And always I 
ply the Square of thoſe Minutes into this conſtant Multi- 
plicator 0,000000084616, and call their Product P. 
ting 4 = the Sine ſought. 


3 Then calculate by the following Theorem: 
E „＋ 28a T 19 54a ＋ 36 108 284 me 81þ 
Example. 


NE Let it be required to find the Sine of 68 200; ; or, 
38 [which is the ſame thing) the Co-Sine 21 go! = 130%. 
Ils Square, 1690000 * o, oοοοο ge , 1430010 = 

Hence the Equation in Numbers will be a*+ 2848 ＋. 
8 e — 12455598 = — = 164441691576, the Refol- 
end. 


encelll EY 2. : N.B. 
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NB. In this ſecond Caſe, I take the firſt y = I, and 
then it will be - e a, &c. as in the firſt Example 
which involved and mult; plied as in that Example, wil 
produce theſe Numbers; 


diz. 216,59 21 — 475,748 + 290, a8ee = 1844169 & 
Which being duly ordered, will become this Equation, 
— 475,740 —290,148ee= 32,17518, 


B34 


I 
the 


vlre 


Divide all by 290, 148, and it will be reduced o | 
+ 1,6398 — ee , 110892 =D, if 
Theorem. 1 — f "1 
| | I, 39 — 6 
| | s 8 | | | ar 
Operation 1,639) , 110892 (7/1 e 1 
— 7. 1992 8 

Pirſt Diviſor 156 "3693 = 

Second Diviſor 1568 fo A 


Firſt fared 
7 — e= ,929 = New for i a ſecond Operation. 


Then putting r + e = 4, which being duly involved, 6 
and multiplied as the Equation requires, will Produc | 


theſe following Numbers : : by 
— 11,6644218 — 12,5558 9e I S 5 
+172,73596464371,87 505e42c0,148es þ | 971 
+ N ik ＋ 72,49536e + 78,036ce p5 = 184,416915) 1 
* 0,7444839 + 3,20706e + 5,178ee ) TY 


—+184,2554992 + 4.3502 I 586 ＋ 283, 36266 1844169151 I 


That is, ＋ 435,02158e + 283, 362 dee , 15141656 i 
Which reduced by Diviſion, you will have * N um. ſha; 


. een 515 7 FB 
| — em 
Then 1, FOR Te Peas 

| Ha 
Thus . $3521). 0,00053436 (50 003480 Se "in 
BENE dh” PR ES bey 
Firſt Diviſor 1. 5385". --. --:7$7800 : oy 
* 1.53555 614220 3 
| 1228800 - 8 
1225440 us b 


= 390 Lat 


nl Laſt r = ,929 


le ; | —— — 0003480 | | | 
vil ++ e=4,9293480=4, the Sine of 639 20 prope. 
Having both the Sine and Co-Sing of any Arch given, 


me Tangent of that Arch may be found by the Proportion 
already laid down in this Problemm. Hr 
But if either the Sine, or the Co-Sine be given, the 
angent may be as eaſily found by the following Theo- 
tems. Thus | | 1 15 . 
| Let S= the Sine; and Z= the Co-Sine; 7'= the 
Tangent; and 1 = the Radius. | | 


Then & being given, T may be found by this 
Theorem g v, — 


5 12 22 | 
| And if Z be given, then T may be found by this 
| Theorem 1 F; 22 T. 


* „ Example. a 
Suppoſe S =, 295152) the Sine of 179 10 found by 
pur firft Example before. | = 
Firſt 2951527 X ,2951527 = ,087115116 =. 
Next 1 — 087115136 =,91288484 = 1 S 
| Then ,91288484) ,0$7115116 (,09 542836 


ved, 
)duce 


915110 And , 542836 = ,3089147 = 7, the Tangent of 
io; as was required, ! | 
0 There are other Varieties of Proportions betwixt the 
3 


pines, Tangents, Secants, and their er which 
N um WY ſhall not touch upon in this place; theſe being ſufficient 
_ {Wo ſhew how the whole Canon of Natural Sines and Tan- 
pents, or any part thereof, may be made, from the Ef- 
ects of the tenth Problem. FE 
Having once made the Canon of Natural Sines, &c. it 
eil not be difficult to compoſe the Artificial Sines, Ec. 
ney being only the Logarithms of the Natural, duc re- 
pect being had to the Characteriſtick of the Radius, 
hich is always made 10. As tho' the Radius of the 
Natural were 1co000cooco, notwithſtanding it may be 
ore or leſs at pleaſure ; the Characteriſtick of the Ra- 
us being thus aſſign'd, that of the other Sines will be 9 4 
_—_ 55 | 11 


Lait 


+ 
-—+ 


% ; 3 
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till it come to the Sine of 5 44, and there it changes h. 

8, Ec. according as the Natural Sines decreaſe in Nun. 

ber of Figures. 5 e 
And as a further Help therein, I ſhall now ſhew th 

making of Logarithms. 8 


C 


5 P R O B. XV, 
The Conſtruftion, or Making of Logarithms. 


* ESE moſt excellent and uſeful Numbers were fl 
1 invented by the famous and never to be forgottes 
Lord Neiper, Baron of Merchiſton in Scotland, (An. 1614 
who ingeniouſly contrived to perform Multiplication and 
| Diviſion of Natural Numbers, by only adding or fub 
ſtracting certain artificial Numbers, which he called I 
garithms. 3 
This Invention of his (no doubt) proceeded from a m. 
ture Conſideration of the Coherence that is betwixt Num 
bers in Geometrical Proportion and thoſe in Arithmetici 
Progreſſion. e N | 
As in theſe following: rp 
Tis $ 1. 2. 4. 8. 16. 32. 64. 128, &c. Geometrical, 
baba . 1.2.3.4. 1 6 7, Oc. Arichmetical. 


RD Op very perceptible, That as the Numbers in th 
Geometrical Proportionals are produced by Mzultiplicatin 
or Diviſion, thoſe in the Arithmetical N 4 are pro 
duced by Addition or Subſtrafticn : As doth appear bj 
_ this Example; J 

„ C4X32= 128 : 5 128 — 32 = 4 Geometr. 
Fiz? 2 +5= 7 "et 7 — 5 =2 Arithmet. 
„ C. 10. 100.1900. 10000. 160000, c. Geomen 
Again, 185 % Sc. Arithmet 
The ſame Coherence is betwixt theſe latter, as wi 


between the two firſt Ranks. | 
2 IOC X IO IOO 100000-—1000==12cGem: 
vie. 5 | 3 + 7-= 4 | For ] „ 2 Arith. 
Either of theſe Examples do ſufficiently ſhew the Reaſa 
and very Ground of Logarithms. 


And from the latter of theſe it was, that the Prin For 
nyolu 


Logarithms or Characteriſticks were firkt aſſigned. 1 


1 W 
2 

— . 
. 

* 
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Ch. 11. 


& toil As in this Table: 
Tum. | g 
* Natural Num. ¶Logarithms. 
— TR | 
1 | 0,000cc00 | 


| 


10 | 1,0000020 
IOC | 2,0000000 
IOCco | 5,0000000 

_ ID000 | 4,2000000 

 Tcocoo | 5,00000C0 | 


1 


e fir! 5 | 5 | 
rotten Having laid this Foundation, the next Work was to 
6 M fnd out the Logarithms of the intermediate Numbers 
1 an 


tated betwixt 1 and 10, vis. of 2, 3, 4, 5, 6, ), Sc. 
and of thoſe betwixt 10 and 100, vis. of 11, 12, 13, 14, 
15, Ec. and ſo on for the reſt. This was a Work of {ome 
lifnculty, and very laborious. 


2 ma. | 
Num- 


xetica 


The firſt Step in order thereunto (as I conceive) was 
to find out a Rank of continual Means betwixt 10 and 1, 
0 as that the laſt (and leaſt thereof) might be a . 
Number leſs than 2, and ſo near 1, as to have ſuch a 
umber of Cyphers before the ſignificant Eigures thereof, 


l, vas intended the Places of Logarithms in the Table 
. ould conſiſt of, Which Means are to be found, by ex- 
acting the Square Root of 10 (having firſt annexed a 
in th ompetent Number of Cyphers thereunto ;) then ex- 
C011S::firg the Root of that Root, and ſo by a continued 
re PIE itraction of Root out of Root, until there be a Root ſo 
ear bf qualify'd as before-mentioned : Which to make a Table 

0 ſeven Places in the Logarithms, will require twenty- 
r. he ſeveral Extractions, the laſt of which will produce 
et. is Number, 1,000000068622386. EO 


The next Step was to find out a Number betwixt (1) 
d (0) in Arithmetical Progreſſion, that might truly cor- 
{pond with the Mean bole found (betwixt 10 andi) 
ch a Number muft conſequently be its Logarithm. 
ind this may be found by a continual biſectin Cor balving) 
, ſo often as was the Number of the foregoing Ex- 
ations, (to wit, twenty five) the laſt of which BiſeQions 
ill produce 0,0000000298c2322, &. the true Logarithm 
| Þ! 1,0coocoos852 38. e 5 
For as 1,coo0cco6862238 by twenty-five continued 
volutions (viz. firſt into itſelf, then that Product 1 
: . e 


— — 2 
ERS. - 4 #0 
= — 


— 2 . ä Ser — E 
- : 2 ＋ pes N 2 * 2 — . <= = — 

— 2 ” * 8 0 ” 7 2 — * 
n — Ord => . = 2 wo ———— — — ' 22 

- 8 8 2 —— — * 7 $5, 3 Eon T7 ESSSY = . e 

— _— — = 5 ut; - OT — — þ 4 
_—_— 4 * N N = >, Deg . — RI 
I ha i 2 - 7 


n 


* 2 - IH 2 


E AC: - \ . a 
3 Os 5 $ 5,0 
2 L 


muſt be prefixed ſeven Cyphers to compleat it. Af 


Number of Extractions required to produce its cone 


traction of Root out of 
| Mean (or Root as before) betwixt 2 and 1, as will har 


1,00000008262958., Then according to the foregoing Pr 
Portions, it will be Boy, 


Io which prefix ſeven Cyphers, as before directed, the 
will 1, 9000008269958 have for its Logarithm 
 ,99009023588557 3 which being doubled and redouble 


ns. od —I 2 


112 Making of Logarithms. 


itſelf, and ſo on ſucceſſively) will produce ro 3 ſo wil 0 
0, 00000029802 32 by the like Number of doublings and 
re doublings, produce 1. 8 , 
This Mean (or Number) and its Logarithm being thy 
found, it will follow by Proportion, : : 
As the Significant Figures of this Mean : Are to ju 
Significant Figures of its Logarithm : : So are the Signiſcur 


Figures of any Mean, betwixt any given Number and I; be 
(having ſeven Cyphers before ſuch Figures, as this hath) - 
To the Significant Figures of its Logarithm. To whit 1 


which, being doubled, and redoubled according to th 


ſponding Mean, will at laſt diſcover the true Logarithn 
ide given Number. For the clearing of this, take a 

Example. nn „0 
Suppoſe it were required to find the Logarithm of th 
Number 2, to ſeven fe Firſt, by a continued FE; 
Root, beginning at 2, find ſuch; 


ſeven Cyphers before its Significant Figures; which afte 
twenty-three ſeveral Extractions, will be this Numbe 


6862238 : 2980232 8262958 2 3588557 


(as aboveſaid) will produce c, 30 1029 5868 the tu nay 
Logarithm of 2; which being contracted to ſeven placaſby n 
according to the firſt Deſign (and agrecable to the ſe N 
Places of Cyphers) then it will become o, 3010299. But i eu 
all the Tables that I have ſeen, the Logarithm of 22 M 
O, 3010 300: I conceive the reaſon is, becauſe the remai Le 
ing Figures 79586 58 come ſo near Unity of the laſt pla Nun. 
in the retained Figures. „ 
And by the ſame Method that this Logarithm of 21 - 
made, may the Logarithm of any other Number be founſ Ie 
But when once the Logarithms of a few of the prin | 
| Numbers, viz. of 3.7. 11. 12. Sc. (that is, of ſuch Nun An 


bers as cannot be produced by the multiplying of two | 
teger Factors) are obtained, the reſt may be eafily con 


poled by Addition and Sulſtraction only, : 
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ol For as 3X2 =5 SoLog. of 3 + Log, of 2 Log. of 6 
"WM. And as 108 5 So Log. of 10 Log of 2 og. of 5 
g tu The like of all Numbers that have Aliquot Parts, (that 
is, ſuch Integer Numbers as may be divided by Integers.) 
!0 And indeed the Logarithms of ſeveral of the Prime Num- 
eau bers may alſo be obtained by Hddition or Snyſtrattion, as 
night eaſily be ſhewed, and is not difficult to conceive by 
hath any one, who but duly confiders the Nature and Deſign of 
Whic Logarithms ; as will in a great meaſure appear by their 
At Uſc in the following Part of Intereſt, &c. of which I ſhall 
0 M orbear ſaying any thing in this place, and keep to my firſt 
cone Deſign herein, which was to give a brief Account of tae 
aritim Ingenious Author's Method (as I conceive it) of making 
ke all te fame: who undoubtedly found it a very difficult Work, 
by reaſon there is required ſo many ſeveral Extractions of 
of th Roots out of Roots, which muſt needs render it both 
d ki wubleſome and laborious. Then to propoſe a different 
uch Method of raifing the Logarithms of ſuch Prime Numbers 
| half before mentioned (which require the Extraction of Roots 
h aft to obtain their reſpective Means) with one e of 
umi te Trouble and Time required by the foregoing Method. 


And not only ſo, but more exact; for by our preſent Me- 
mods of Converging Series, the Root of any Power, how 
high ſoever it be, is eaſily found at one fingle Extraction; 


|, theW:nd thereby the Errors which would ariſe by Extracting a 
rithm rd Root out of a Surd Root (eſpecially when often re- 
oubleſſ peated) are avoided ; and conſequently ſuch a Mean as 
e tu may be required betwixt any Number and Unity, is there- 
placiWby more exactly found. „„ 

: ſere Now how this may be performed, I here intend to 
But Whew, as briefly asI can. In order thereunto, take this as 
of Z Model, or | 


Let a = the Root, or Mean required betwixt any 
| Number and Unity 5 N 8 


„ Of =D0Oe.. of =O 
founlf] Then 34. “. 4. 040%. 4% 00" 
And ſo on ſucceſſively with the Indices in Geometrical 


rogreſſion, until the Power of a be made equal to ſuch a 
Term in that Progreſſion, as that the Root, or Value of 
18 have betwixt Unity and its fignificant Figures, fo 

| many 
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many Cyphers, as are the intended Number of Places in 
the Logarithms. | mn 
For inſtance, let it be required to find the Mean he. 
tween 10 and 1, (as in pag. 111.) then the Power of ; 
muſt be 4**55443* =10, this Index 33554432 being the 
25th Term in Geometrical Progreſſion, which may be 
thus determined „ 
Let 1, the Characteriſtick or Logarithm of 10, be di 
vided by ſuch a Term in Geometrical Progreſſion, as wil 
cauſe ſuch a Number of Cyphers to be before the ſigrif. 
cant Figures in the Quotient, as are required to be before 
the Figures of the Root a; ſuppoſe ) (as before) 
Then 1 33554432 =,cooocouzg80232, Sc. 
which is the true Arithmetical Mean (as before found, by 
_ a continual biſecting of 1) correſpondent to that ſiguified 
by a. And therefore the Value of 3, found by extracting 
the reſpective Root of Io ga 141 pill be the Mean 
required; 
Visz. 1,000c0006862235 whoſe Lbg. is 000008029802 32 
Iheſe being found, are the Foundation of the reſt, 35 
before. „ Wy ERS? e 
Then ſuppoſe it be required to find the Logarithm of 
any of the Prime Numbers; it you pleaſe, that of 2. In 
5 . Nh thereunto, let a= the Root, or Mean ſought be. 
twixt 2 and x (as before;) then mult à be continually in- 
volved (as by the above Model) until its Index be equal 
to the greateſt Term in Geometrical Progreſſion, whole 
Number of Places of Figures are to be equal to the 
Xumber of required Cyphers be fore a, to wit 9, Accor- 
ding to which, the Power of à will bea (this 
$:88608 being the 23d Term in Geometrical Progreſſion) 
_ conſequently the reſpective Root of 2 S will be 
the Mean required, „„ 


. Example. 
Let -e a . hy 
Then will TT Ba GOD pf IF7 
 +35184367894528 700059 g = 2 
| Suppoſe F=r : „„ 
Then 1 + 83886 08e + 351843678945 286 = 2 
That is 8388608e + 3518436789452 866 = 1 


14 
we 
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Each part being divided by the Co- efficient found pre- 


" fed to ee, Viz. 351843, Sc. then it will become 
be. 42000C92 38 Þ ee = ,00002000000002 84 =D 
f ConſequentlyJ 3 1 
* | CER L,00000023 +e 
,0000200000000284 = D. 1 
45 FF | 248 (,o0000008 De 
wil i ＋E 6 = 100000008 135 
Cre Diviſor ,02000031 
Fiſt == 171 
e 500000008 
by New r = 1,02000c05 
ting Which being duly involved (in the ſame Order as the 


Model denotes) and multiplied into the reſpeQive Co- 
cients, will then produce theſe Numbers, 5 


252 *. 1,9 56 3638967 36411 168e + 6883 34 60d gee = 2 

t, a WM Then 16411168 + 688334160662 89e 0436 361033 
And ,0000002384e + ee, o οοοοοοοο 3393 

Conſequentl 1 — — S 0 

* 5 ,0000002384 E 

uin.  ,00000000000000063393 = | 

equal : | 

will , » zs 48. (,>ooocooozs3 me 

the 4+ £5 ,0000000026 15393 

\ cor} Diviſor ,00000020 14460 

(thi Diviſor ,coooo0240 9330 

ſſion) 72230 


ill be Laſt 7 = 1,00000008 
+ 8 = ,90090000263 


New T == 1,00000008263 


| take only 1,0000000286 =] the which being in- 
ved, and ordered as before, will produce theſe follow- 
Numbers, vis. 15 : 
1999503684867 + 16573028e +70351267454084860 =2 
en 167730288 + 70351267454084e0 =, 000496315133 
Each f--<902 384 1862--ee =200000000000000007054$1443 =D 
ERR = . 2 „„on 
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Conſequentl\ ,0C00002384156 ” 27 Saas 


,90000000000000000705481443 =D 
,00c0002 384185 47 636 (,ocoommouooog jt 
+ e = ,020000C000295 2286214 


Diviſor j0OCOCC2 384.3 | 2146023 
Diviſor ,co00202 38447 14019143 


Diviſor ,0000002 384451 * 1192242 
- *20967380| (879 =e 


* Here I defiſt forming 19075848 
a new Diviſor, and make 1 
uſe of the Abridgment, as 1669 * i 
in pag. o 5, and elſewhere. 1 * 
Laſt T =I, oc 826 AL 0 | 


+ e= ,0000c00200295879 
&= I,oooocoo82629 5579 


This Value of 4 = 1,9000000826295879 is the Geome. 
trical Mean betwixt 2 and 1, as was required; (agreeabl: 
to that before found, by twenty-three ſeveral Extractions) 
And by this Method of proceeding, may be found the 
Mean betwixt 10 and 1, vig. 1,00600006 £62235, or be. 
twixt any other of the (before mentioned) Prime Num- 
bers and Unity. as might eafily be ſhewed. Bur for bre. In 
vity fake, I ſhall omit giving more Examples thereof, thi 
one being ſufficient (eſpecially to the Ingenious) if wel 
conſidered, and but once underſtood, to Per the nature 
of, and manner how, to proceed upon the like occafion, Th 
of finding any propoſed Mean. The next thing will be uf]! 
find the Logarithm of the Number from whence ſuch 
Mean was produced, which may be thus performed. 
Firſt, find its correſponding Arithmetical Mean, or Lv 
garithm, by Proportion, (as in ag. 112.) Then multiply. ; \ 
that correſponding Mean (fo found) into the Index Num-: 
ber of ſuch Power as the Geometrical Mean was produced þ 
from ; that Product will be the Logarithm of = givenl 
Number, (without a continued doubling and redoubling, = 
as before.) For the clearing of this, let it be required 


ro compleat the Logarithm of 2. 


— 


— 


Hain 


ome- 
cable 
tions) 
] the 
r be. 
N um- 
r bre- 
f, this 
F well 
nature 
eafion, 
be to 
> ſuch 


r Lo- 
ultiph 
Num- 
duced 

given 
1bling, 
quired 


Having 
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Having firſt found 1,00000006862238, the proper Geo- 
metrical Mean betwixt 10 and 1; alſo its correſponding 
Logarithm ,00000002980232 (as before directed) with 
them, and the Mean betwixt 2 and 1, laſt found, vis. 
1,0000000826295879 z; make uſe of the above-mentioned 
Proportion, (as in pag. 112.) vis. J IO PO a 
6862238 : 2980232 :: 826295879 : 358855729 
To which prefix ſeven Cyphers to compleat it, (as before.) 
Then it will become , 0000003 58855729. This Number 
being multiplied into the Power of 4 (what that is, ſee 
þ1g.115.) will produce the Logarithm of 2. TT 
viv. 000000035835 5729 X 8388608 =0,30103000391352 
But according to the firſt Deſign, it is required to have 
but ſeven Places, vis. 0,:01300 ; Which is the true Lo- 
garithm of 2 without any defect. 2 
Thus I have preſented you with a New and Expedi- 
tious Method of making Logarithms ; which if they were 
required to fourteen or fifteen Places (I can modeſtly ſay) 


they might then be made with one twentieth part of the 


Time and Trouble required by the firſt Method. 


Before I conclude, it will not be amiſs to inſert an Ex- 


ample or two of ſuch Equations as have all their Terms in 


them. Suppoſe this Equation were given, 
aaa + bag — da , what's the Value of 4? 


In Numbers aaa + 43844 — 782 54 = 985084369 
b=4338 d= 71825 G = 98508430 
Lety e S a. 3 e 
rrr + 3rre + 3ree = aaa 
Then <\ brr + 2bre ＋ bee = baa 
air —de = - 
Suppoſe 7 = 4, then 77 = 16, rrr = 64, brr = 64, 
nd ar So; (for there is no Figure under the firſt Point 


it d.) Then doth rrr ＋ rr = 128 > 98 | Ergo 1 4 
Let y = zoo, then it will be 8 


＋ 27000000 + 270 , n gocee 
+ 39420000 ＋ 262800 ＋ 438ce > =G 
— 2347500 — 782 ße 
ü | — —— — — — —  ———— — 
That 
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That is, 64072500 + 524975e+ 1338ce =G 
Then 524975e+ 133866 34435930 


And e 
Coequontiph r . 
_ 298 
* es n736=D 
Diviſor 44 a (61 
+e= 8 3736 (5 e 
Diviſor 450 3600 8 
Laſt r= 300 
+e=_ 55 58 


New y =358 1 take but —— 


This Newer being involved and multiplied into thy 
Co-efficients, as the Species above dricsts, it will be 


42875000 + 367 0 + io 


536550 / 3066008 ＋ 43 ee 
py — 2738750 — 7825e - 


That is, ede ge e 1 
Then 66627 5e ＋ 1488ee = 4717180 
And 447,760 + ee =3170,1478 = ag 


One 
; f= 
WE 3170,1478 =D 
4 6,99 2718 (6,994=2 
Diviſor 453, 452,14 9 
' Divifor 454? 2 
Diviſor 45475 430078 

4092753 

208030. 


ET TE AIRED. RECE 
Laſt r=350, 55 n 85 


— 356,994 


In this N I humbly o. conceive, A is no ai 


Aly a s; that which ſcemeth like one, is the placing 
of the rt V alue of e. But if it be 3 Ve 
then 


ere muſt be three Places of Integer Figures in the Root 
s appears by the Points) and that this 5 is to be the 
cond Figure thereof, it will be eaſy to determine that 

ys place mult be under the fecond Figure of the Diviſor, 


12. 9. | | | 
This Conſideration will be very helpful in all Caſes 
here the Root confiſteth of moſt Integers: As for Deci- 
i] Figures, they place themſelves. 


- Rn. — — 
A . * — _ — - 9 
* — — 8 Bm * - = — 5 — 1 
2 * * © . 7 * + ip 4 4 "1 - 2 - 8 
— fg rg a+ N "pg. is * — — 
, ws I . r . FOI — —— — 
4 * Þ 3 E n E TT FT 


Be Fn 
1 ＋ 


_ - 
ra 
= mo . — 


. PROD. XV. | 
the Oblique Triangle CAD, there is given the Side 
AD, and the Sum of the other two Sides, vis. CA 
); alſo within the Triangle, there is given the Line 
9, ſo drawn, as to make the included Triangle CA 
cht-angled at H. 98 : 5 
Thence to find out the Side CA. 

Let : 
4+CD=2 ) 
= 4 given. | 
[B=b 


r 


thy 


WT lr on S—— 
Nraw the Line DF 2 to AB, and continue the 
de CA to F; then the Triangles CAP and CFD will be 


ke 

Loet uns. Fe and ED=y | 

$—4=CD, by the Prob. 5 

23 — 224 + 4a CD. 
2 — 224 + ag da + 2ac + ee jy 
2 — 224 =24e See -) 
4 = ee Y = 
S — 224 — 4d = 246 
2f =22 — A4 . | 
2f — 224= 24 
f — 24a = as 


x 
© OO -A Þ wuRnH 


FRA 
AQ 
= 
82 
' 
— 
O 


aa+bb=0 C8, by the Scheme. 
hen Ok Vas +bb = G. 


Ie 
> — 


— . —— —— 
— 4%; 2 
» 
a 
= wp 4 
— -- £ - 
= = yy 
_ 


-2 
* 


1 
1 
5 
i 
43. 
7 N 12 
1 
. 
1 
2.46 
= 
A ö 
„ 
1 
. 2 
. 
* * 
$0 
3 
n 
. NN 
1 
1 
. 
$518 
1 
D 
E * 
IF 
Fe bob 
IX 19 
C44 
* 1; , 
' . 
2 
1 
AL. 
_ 
TEA 
bs $ 
> + 
7 
* 
ws | 
"FT: 
2 4 
+ 
* 
7 3 
— 5 I. 
n 5 6 
Y 
b * 
1 ** 
2 
e 
1 i 
n 
12 
B14 
#67 
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"i 
G L t 
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** 5 
1 
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7 1 1 
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But 112 CB : CA:: CD: CF. 

That is 13 Jaa TG: a 4 4 e | 

13 * [ig] 22 — aa — Jaa ＋ Ua Te 

„ee - 

15-Fals| - za a -A = ae 

24 — 44 f—2a+aa 1 | fr 

Va a 

24G — aaa 

Xx a [18] H — 24 ＋T aa 

N \ aal-bb J 

3 


za — a =f— 24 ＋--4 Ä Va + bb 
Then 20 eas SN , 


14, 16,17 


18 X 19 


„ 


This 21 Step, or laſt Equation, being firſt involve 
then brought out of the Fraction, and reduced into Nun 
bers, will produce this Equation : 0 | 
201 Sa + 12560948 — 24642 30,2 544 ＋ 35468;c) 
8274183922425 „ 
Each Member thereof being divided by 2018, the Fab 
of the higheſt Power of a, that ſo the ſame may h 
cleared, will bring down the Equation to this: 

— aaaa + 6, aaa — 1221, 12a — 


17575.969 = 135869, 1388 = 2 

Loet the Equation be made 

aaa + baaa — daa + fa = 6. 
Here 62,1 =b, 1221,12=4 Ins 

and 175752969 f 135559,1383 G. 


Put Te Sa, then 85 

L rrrr - grrre — 6rree = —4“ 

Ibrrr + 3brre + 3bree = + ba* 
— Arr — 24re — dee = daa 


rere 
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Let 7 = lo, then it will be 
— 10000 — 4 O0 — 6ocee * 
+ 42100 + 1863c0e + 186 zee 
2 122112 — 244220 —I221TCC 
+ 175759 Þ 1757560 co cen 


That is, 195547 + 77836 + N 135869 
Then A ke + 4260 = 50322 
| Conſe vent! 1 8 
15 o I $55 Fo 
19546 1471 == e 5 
+e=3,s. JE (2,3 =2 
Diviſor 17.1 15795 
Diviſor 189,94 15152 3 


1 
New r 13,83 I take but two places, to wit, 


/=13 3 Which being involved, and duly multi plied into 
the reſpective Co- ef 


Numbers: 
— 486 00 8788, oe — 1014, ooee 
ris J+136433,79 + 31584,70e + 2421,9cee 
— 206 369, 28 — 31749, 126 — 1221 „zee 

+ 228485,60 + 1737576 


That is, 129991,02 + $623,558 + JD les == 2 #2 
Then 8623,55e + n 5878, 1188 
And So 169 ＋ ee 347754 =D. 
Conprenty$ __D . 
46,169 Pe . 
46, 3 31 470814 =D 
+ e= 1673 28,0 n (5735 e 
Diviſor 46,7 „„ 
Diviſor . 3 28 
Diviſor 46,842 172714 
5 149526 
321880 
| 281052 „ 2 
Sn ä 


cients, will produce theſe following 95 


= 


ALE 
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Lat F=r2, 
Fe „6736 
4 13,6736 


This Problem I invented, and reſolved about ſixteen 
Years ago (living then at Cheſter) from whence it was ſen 
to a Mathematical Profeſſor in London, from whom I wa 
promiſed to reccive a Solution thereof; but never did 
either from him, or others, until I met with it in Mr, Rap. 
ſon's before mentioned Analyſis, pag. 24. where the ſame 
s brought to an Equation by a different Proceſs to what! 
then did, and have here done. EIN 
This I thought convenient to inſert, not for that I ſuppoſe 
this Problem i very difficult (tho knotiy enough) but be. 
cauſe I have here a fit opportunity to ſignify to the Reader 
that I am not a New Pretender to this Excellent Art, hay: 
ing been converſant in ir, and other Parts of the Mathema- 
ticks, near twenty Years ; yet never thought it proper to 
appear in publick, until I had ſomething to preſent the 
Wild with, worth (as 1 humbly conceive) their accep- 
tance : Whether this Tract be ſuch, or not, I leave to tbe 
_ Confideration of the Ingenious. Gps va 
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Z CHART 
The Definition and Uſe of Logarithms | 


in general. 


ſhall now ſhew their Uſe in performing 
Multiplication, or Diviſion of Natural 
Numbers, by Addition, or Subſtraction 
only. | | 5 

That is, if any 990 given Numbers are either to be mul- 
tiplied or divided, the reſpective Logarithms of thoſe 
Numbers being accordingly added, or ſubſtracted, their 


Sum, or Difference, will be the Logarithm of that Natural 
Number, which is the Product or Quotient of ſuch Mul- 


plication or Diviſion, 


3 And 


N the Firſt Part of this Treatiſe (vis. in | 
the Algebra Part, at Prob. 9.) I have 
ſhew'd the making of Legarithms. I 


* * 2 * , 4 
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And that the Value of any Product, or Quotient, (ſl Fo 
found by the Sum or Difference of two Logarithms, may 1ows, 
truly known, every Logarithm of the Prime N umber er, 

VIS. of . 10. 100. 1000. 10000 . Sc. in whole Number: muſt 


And of o, 1. 9, 1. 0,001 . o, o Ec. in Decimal Pars Fr 
3s the Index or Characteriſtick to all the intermediate I duce 
garithms which are between them: As in this tural 
| . : 4 + r YE 
Whole Num. Legarirbms. Decima Dare 7 
WS. 1 0.000005 8 ©-000000 
Wo I. OOO! O,T 9. OOO ö A. 

1 1 ü 

100 2. OOOOOO 0,01 8.0c00co0 o_ 

| _ b 5. 

1000 3.500000 OgOOT- * 7. OOCOOO wiſe 

10000 4. oOo | O,2COT | 6-00OCCH ill 

| y : III! 

VC, | | | CC. | ; &c. H$ &c. 


This Table ſhews ſome of the principal Lagarithis a 
Charadteriſtichs, both of whole Numbers and of Decimi 
Parts, with ſo many Cypheis annexed io cach of then 
(like Decimal Parts) as the Number of Places are in th 
following Table of Zogarithii's. From whence it will h 
ealy to perceive, hat, „ 
If o, be made the Logarithm of 1 ; and 1, be made th 
Logarithm of 10: 'The: all the intermediate Logarithm 
which belong to the natural Numbers, between 1, and i 
| (viz. the Logarithmns of 2. 3. 4. 5. 6 &c.) mult needs be De 
cimals leſs than 1. And for the ſame reaſon, That, 
If r. be the Logarithm of 10. and 2. be made the Ls 
gatithm of 100. then all the intermediate Logarithmz 
which belong to the natural Numbers between 10. and 10% 
will be 1, with Decimal Parts annex'd to it: And conſe 
quently all the Logarithms of the natural Numbers be 
tween 100 and fon, will be 2, with Decimal Parts an 
nex*dtoit ; and ſo on for higher Numbers, as in the Table. 

Now all theſe principal Logarithms, vis. 0. L. 2-3-1 
Sc. of whole Numbers, are called Affirmative Indice, 
or Chara Gteriſticks. VF 

And thoſe which belong to Decimal Parts or Fraction, 
Dix. 9.8.7.6 Sc. are call'd Negative Indices or Cit 

racteriſticks ; being diſtinguiſh'd from the Affirmative li. 

dices by the Negative Sign — ſet over their heads, 


Ft 


— an. i 
. —— — 
- * %» 


Ch. 1. of Logarithms in general. 125 
„ for if o be the Logarithm of r, (as above) then it fol- 
y bf lows, that all the Logarithms of Fractions (viz. of Num- 
ben ers Jeſs than 1) muit needs be lefs than o; that is, they 
erz: muſt be Negative Numbers. | ny | 
a; From what hath been here ſaid, it will be eaſy to de- 
Io duce the General Rye, by which the Diſtance of the na- 
tural Numbers from the Unit's place is always known. 
That every Index or Characteriſtick is leſs by an 
ml 5 Unit or 1, than the Number of Places of Fi- 
_ gures in the natural Nuinbers to which it be- 
0 longs. CFE, | 
As for inſtance, in the following Numbers, wherein I 
ſuppoſe 5381 to be a whole Number; whoſe Logarithm 
is 3.30863. Now if this natural Number 5381 be other- 
wiſe taken or varied in its places, then the Zogarithms 
will ſtand thus: N 


_ 
3 


CI IT ISS 


3 8 
* 
8 
$ a 
9 
4 
* 
8 
\ 


Natural Numbers. Logarithms. 1 
75, 0 F b 
14 538,1 — 2.730863 1 
** 53,81 1.739863 I 
= | 5, 381 ——— 0-739563 
{lth „5381 —— 9730863 a 


56,05381—— 347 38 96 %% 
e the 6, 005381 — 7.730863 Oc. 
ihm 5 W 8 
1d 1: ln theſe Examples you ſee that the Logarithms are all 
e De he ſame, fave only the Jadices or Characteriſticks are al- 
ter d according to the Diſtance of the firſt Figure of the 
> LoWratural Number from the Unit's place; which being once 
thmyWQ well underſtood, it will be eaſy to find the Logarithm of 


2 


* 
— 


gem 


ED . 8 W 
1 3 2 

2 — 
ps — 3  — 


OE 
Ps 


Nec given Number in the Table of Logarithins, and to 85 
onſe-M prefix its proper Index to it. 5 
s be | Or if any Logarithm, with its Index, be given ; to find : 4 
ts an its correſpondent Number, ſo far as the Table of Lega- * 
able. W::717/1725 extends; and upon occaſion to one or two places F; 
= b : , | ; a % 
. 3. Nurther, with a very ſmall trouble. 7 


ACE, 


— * — 
: — 
— os — 


det. 2. To find the Logarithm of any given Number. 
HE firſt Page of the annex'd Tables of Logarithms 

contains all the natural Numbers in their proper Or- 

der from 1 to 108. And againlt every one of thoſe Num- 
7 bers 


ion 
Ct 
ve Ii. 


Ft 


1 
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bers is placed its Zogarithm, with its Index or Chara, Nh. 
teriſtic before it. i 
Thus, againſt the Number 28 is its Log. 1.44) 15 
And againſt the Number 89 is its Log. 1.949%; 
And ſo on for the reſt. f Ae 
In the firſt Column of all, the following Pages (undi 
Num.) the natural Numbers proceed in their due Ordy 
from 100 to 1000. And in the next Column (1724 q 
. N every one of thoſe Numbers, is the Decimal Pan 
of its Logarithm, without any Index; to which you muſ 
prefix its proper Index, according as the natural Number 
you make uſe of requires. X 
As for inſtance, againſt the Number 8 56 (nder 0) j 
932474; to which if 2, the Index of 855, be prefix'd, i 
will become 2.932474 the compleated Logarithm of 85% 
The other five Columns of each Page contains the Ty 
arithms of all the Numbers from 1:0 to 1,000. Thob 
in the left-hand Pages are diſtinguiſh'd on the top of th: 
Columns with the Figures o. 1. 2. 3. 4. and choſe in the 
_ right-hand Pages with 5.6. 7. $.9. So that to find the 
Logarithm of any Number between 1056 and 10009, # 
ſuppoſe of 5458; you mult look for the three firſt F. 
gures, VS. 546, in the firſt Column under Meme. and for 
the laſt Figure, viz. 8, at the top. Then in the Column 
under the laſt Figure 8, and right over againſt the three 
firſt Figures 546 there is 737829; to which if z, the Index 
of 5468, be prefixed, you will then have 3.737829, the 
compleated Logarithm of 5468, as was required: And 
for any other Logarithm of any propoſed Number not cx 
ceeding 10. 89 5 3 
But if the propoſed Number be above 10000 (which i 
the Limits of the annexed Table) then the Logarithm a.. 
that Number muſt be found by help of the common Di- Thus 
| ference of the Logarithms, which is in the laſt Colum 
of every Page under Dif 
"THUS, 


Find the Logarithm of the firſt four Figures of the givn 
Number, without its Index, (as above) and multiply tit su 
common Difference «which ſtands againſt that Lœgaritiu equit 

(under Diff.) with the other Figures of the given Nuns MW H. 

Caſting off ſo many Figures of that Product, as there an our 

in the Multiplicator. 5 „„ on 


3 


nich 


Tei 66 


wh. I. of Logarithms in general. 12 
Then add the remaining Figures of that Product to the 


51 
9599, 


<2 
CIC, 


garithm of the firſt four Figures, and to their Sum 
yer the proper Index, and you will have the compleated 
oarithin required. ; 

55 GE " Example. l 
Suppoſe it were required to find the Logarithm of 
98476. Firſt the Logarithm of 6984 is found in the 


indir 
rde. 


er 0 


* [able (as above) to be 844 104, and againſt it, under 
be Dif. is 62. This 62 being multiplied with 6 (the other 


4] f the 12 (vis. the two laſt 2. and then add the 
Lie the Icgaritlim laſt found, and the Sum will be 
„% Ns to which prefixing 5 the proper Index of the 
uu ven Number 698476, it will be 5.544151, the Loga- 
ob hm of 693475, as Was required. 1 

l r dect. 3. To find the Number to any given Logarithm. 

1 the 


D the Index or CharaQeriſtick of the given Loga- 


nd if it can be exactly found there, then the Number in 


d ue firſt Column (under Num.) with that on the 05 over 
5 he Logarithm, will be the Number required. But if 
three 


he given Logarithm (withour its Index) cannot be ex- 
Aly found in the Table, then the proper Number agree- 


mmon Difference of the Logarithms : 


| | rhen divide it by the common Difference found 
my Fs, < againſt the next leſs Logarithm, under Diff. and 
Dä lbs, J e Quotient 2w1ll be a Number that muſt be an- 


lum! ne ved to the Number already found againſt the 


- next leſs Logarithm, according as the Index of 
Uthe given Lagariihm denotés. „ 


3 


river Example. . 

y 1 Suppoſe 5.560279 were a given Logarithm, and it were 
ig red to find the natural Number anſwering to it. 
Here the Number ſought muſt cenſiſt of tix Places of _ _ 


eures in whole Numbers, as appears by its Index 5; 


ach being omitted, I ſeek in the Table of Logarithms 
it 659279, but not finding it exactly there, I take the 


Len 


wo Figures of the given Number) produces 4712. Cut 


rithm, and then ſeek it in the Table of Logarithms ; | 


to that Logarithm, may be found by the help of the 


From the given Legarithm ſubſtract the next 
leſs, and to the Remainder annex Cyphers; aud 


EET ny aye — „ 
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next leſs to it, viz. 660201, which ſtands under z, 25 
againſt 45): Therefore I conclude, that the firlt four R. 
gures of the Number ſought, muſt be 457; ; and th 
common Difference found againit 66020 under Y. 


is 95. ; N 
Then from the given Logarithm 660279 ad 
I ſubſtract the next leſs, vis. "PT | 


And there remains 78 

To which annexing two Cyphers, (becauſe there is 5 
wanting two Places of Figures) it will become 7800 ; the 
which being divided by the common Difference 95, the 

uotient will be 82: thus, 95)7 80 (82, which mult be 
annexed to 4573, (Jouud before) and the Sum will be 
457382, the Number that anſwers to the given Logarith 
5.660279, as was required. 5 * 

Thus one may, without much trouble, find the Log: 
rithm of any given Number (vcry near) although it ei. 
ceed the Limits of the Table by 1, 2, or 3 Places of F 
gures; and alſo the Number agreeing to any given I 
garithm, without the help of ſuch a Table of Proportion 
Parts, as is uſually inſerted along with the Table of Is 
garithms for that purpoſe. Dr Oe 


, Sect. 4. To perform Multiplication by Logarithms. 
THE Multiplication of any two given Numbers 0 
| 4 gether, may be perform'd by Logarithms : 
„ Aad the reſpettive Logarithms of the giv 
Numbers together, aud their Sum will be fl 
? Logarithm of the Product required; due regu! 
being had to the true oraerins of their Tadic 
which admits of three Caſes. | 


Thus, 


Caſe r. If the Indices are both affirmative, their Sun 
| with what ariſes from the Addition of their Logarithms 
. will be an alliemanive Ingen”; 


4 Num ers. Togarithins, 
Multi plicaud 7504 — 3.878752) * 
ö Multiplier ies 0 Add th 
Product 565 — 5753813 


Again 


—U— — 2 — 2 * 
- 


5 
3 the 
„ the 
iſt be 
Il be 
rith 


Loge 
t ex. 
f F 
Lo 
71010 
{ Iv 


NS, 


rs. (0 


given 
e tit 
enati 


Aich 


dum, 
thms, 


be above 10 ; then caſt off 10, an 
* a Negative Index. 


Ch. 1. 


Again, 5 
Multi licand 7 5404 1.878752 
17725 lier 772 0.875061 N00 
Product 56700 — 2.753875 


Caſt 2. If one of the Indices be Affirmative, and the 
other be Negative; and if their Sum be above 10: then 
caft off 10, and the Remainder will be an Affirmati ve In- 
dex. But if their Sum be leſs than 10, it will be a Ne- 
gative Index. 


Examples. 

Numbers. Logari thms. 
Multifplicand 15,64 — I. 76, Te 
Multiplier 0,75 —— 9.87506 
Product 56,7300 1.755813 

Again, x 

Multiplicand 15g — oa Add 
Multi plier 0,007.5 — 7.875261 


6 Product 


©,5673 + — 9.753813 


Caſe 3. 3. If both the 3 are Ne ative, and their Sum | 

T the Remainder will 
If their Sum be juſt 10, add 1 to 
It it be ucder 10, add 10 to it, and that Sum will be 


2 \ Nogkalve Index. 


The two laſt Parts of this Caſe Golan come into prac: 


tice, J ſhall therefore only give an Example of the firſt 
Example. 
Numbers. Igarithms. 
Multiplicand 0,034) 


8. e 


98236 — —ͤ— 8.; 72902 


Multiplier 
Product | ©,ce08 18 92 


Sect. 5. Divi on 8 d by Logurickns: 


=0 divide one Number by anggher, is only the Con- 


verſe of the laſt Work, and. is perform d by Loga. 


rithms, 


8 Thus, 
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130 The Definition and Uſe 
Sulſtraf the Logarithm of the Diviſor from the 
Thus « Logarithi of the Dividend, and the Remain. 


der will be the Legarithm of the Quotient; 
this Conſideration, That 


When a lefſer Number divides a greater, the Index of 


the Quotient 1 will be Airmative: But if 2 


greater Number divides a leſſer, then the Index of the 


Quotient Logarithm will be Negative, and there muſt be 
10 added to the Index of the Logarithm of the Dividend, 
when Subſtraction cannot be made without it. 
Examples. 
Numbers. Logari thms. 


Dividend 367300 — 7. 253813 Sub. 
Di vi ſor 756g —— 3878252 


Quotient 75— ] 1.875061 506 S 
| Again, 
Dividend 68,6 F EY ub. 
Diviſor RR 894316 
Quotient 0,08 72— 8.942008 
8 Again, 

3 Numbers. Logarithms.” 

| Dividend 56,73 I. 7538 1 e uh; 
Diviſor 0775 9. 875061 
Quotient 79,64 I 1.878752 


Set 6. To Extract the Square and Cube Roots, cc. 
by Logarithms. 


| I the Logarithm of any given Number be divided ba N 

the Quotient will be the Logarithm of the Square Rodi 

of that Number. And if the Logarithm of any Number 

be divided by 3, the Quotient will be the Logarithm of 

the Cube Root of chat Number: And fo « on for * 

Powers. 
Examples. 

Suppoſe j it wete required to extract the Square Root of 

6965, whoſe Log. is 3.843108 


Then 2) 3.843108(1. 921554 This Quotient is the 


 Logarithm of 83,4745 Sc. which is the Square Root of 


696 by as Was required, 
| Again 


Ch. 1: Logarithmus in general. 1 31 


'Y Again, Let it be required to extract the Cube Root of 


in. boss, whoſe Logarithm is 3.843 108 as before. 

75 Then 3) 3.843 108 (1.281036 This Quotient is the Lo 
I garithm of 19,1 &c, which is the Cube Root of 6968 ; as 
1 required. Li 

M And in the ſame manner the Biquadrat Root, or that 

1, os the Fourth Power, may be found, if the Logarithm of 

5 the given Number be divided by 4. And if the Loga- 

d, rithm of any given Number be divided by 5, the Quotient 


will be the Logarithm of the Surſolid Root, or that of 


the 5th Power, and ſo on for the 6th, 5th, 8th, or any 
propoſed Root of a ſingle Power, how high ſoever it be, 
provided the Index of the Logarithm of the given Num- 
ber be Affirmative, But, 5 

The dividing of Logarithms, whoſe Indices are Nega- 
tive, (by 2. 3. 4. 5. Sc.) and to determine the true Quo- 
tient Index hath been thought ſo difficult a Work, that 
the Learned and Ingenious Mr. Onughtred contrived a Ta- 
ble on purpoſe to perform it: Vid. Key of the Mathemn- 
ticks, pag. 168. e 


Now according to the Negatiye Indices I have here ; 
made uſe of, that Work may be very eaſily perform'd, 


If you are to divide a Legarithm that hath a 
Thus, dex: If by z, then add 20 to the given In- 
LAdex: If by 4, then add zo to the given Index 

. XC. : . . 
That is, Still increaſing the Index of the given Loga- 
rithm with 10, as the Diviſor doth increaſe by a Unit 
1 5 Dn | - 


t 0 Example. 
oy Suppoſe it were required to extract the Suare Root of 
of {©2547 56 whoſe Logarithm is 8.7 38432 


Then 2) 18.738432 (9.369216 This Quotient is the 


as was required. 


054/56 whoſe Logarithm is $.738432 as before. 


of 0,3797 Ec. which is the Cube Root of c,054756 as was 
quired, e 92 8 Once 


Negative Index by 2, add 10 to the given In- 


Logarithm of 0,234 which is the Square Root of 0,0547 56 
Again, Let it be required to extract the Cube Root of 


Then 3) 28.738432 (. 57947) This is the Logarithm 


132 Df Sintple Trrtereft 3 
Once more; Suppoſe it were required to extract tho 
ſecond Surſolid Root, or that of the ſeventh Power, our 


0,054756 whoſe Logarithm is 8.738432 as above. Im 

Then 7) 68.738432 (9.319976 This is the Logarithn 

of 0,66035 Ec. which is the Roo? required, c. 

Ibus far may ſuffice concerning the Nature and Uſe oi Su 
the Table of Logarithms in general; which being a little Nen. 
conſider'd of, it will be eaſy to apply them to the folloy. 
ing Calculations, - 
LICL oo fog boo po bogo oo bo bo boboboyopobobebkl Wy 
| Tg yy res Ar 
CG H A P. II. 1 Inter. 


The Calculation of Oneftions in Simple In No 
tereſt and Annuities ; perform'd both ly: 
the Pen; and by Logarithms. * 


E FO RE we pto:eed to the following Comput: i ,- 
DD tions, it may be convenient to premiſe a few uſeful & 
' _ things, that will help to explain and fhorten the 
Work. And firſt, of a few common Characters, viz. 5 
4 3 Signifies More, or the Affirmative Sign of Add. 
ion. 3 8 | 
Su 3 Signifies. Leſs, or the Negative Sign of K., 
FOO I” 
vip 3 Signifies Into or With, and is the Sign of Mat. 
e Plicatiun. 5 
= $ Signifies Equal to, or the Sign of Equality. 
V Denotes the compleated Logarithm of any Num: 
Pu e 
And when the Ratio of the Rate of Tntereſt is mel © 
tion'd, it fignifies only the Simple Intereſt of 1 J. for one 77 
Fear, at any propoſed Rate of Intereſt per Cent. which 
may be thus found by the Rule of Three. iS; 
As 195: is to 6 :: ſo is ; to oc the Ratio of the 
% . w 8 
Or, As 100; is to) :: ſo is 1: to 0,07 the Ratio d 
the Rate of 7 fer Cet. per Ann. Kc. ee 
The which may allb be found By Logarithins, _ ff 


Thus, 


h. 2. and Anmiities, xc. - "oy 


the From the Logarithm of the given Rate of Tatereſt, 
Ut of Thus, 4 ſubſtract he Lovar ithm oo (viz. 2.500000). 


aud ihe Remainder will be rhe Logarithm of 
the Ratio of that Rate. | 5 
| Example. - 

Suppoſe the given Rate of Intereſt to be that of 6 per 
is. bor Hae. "wo . 5 "IF" 1 
The Logarithm of 6 is O.)) 85 Aa. 
The Logarithm of 109 is Nd Sunset. 
Tze Remainder is the Log. S. 7)8 151 of 0,06 
9 That is, 0,06 is the Ratio of 5 per Cent. &. 
And thus may the Ratio of any other ptopoſed Rate of 
Intereſt per Cent. be eaſily obtain dd. 

But becaafe tis the Logarithms of choſe R ario's, that 
ne of uſe in the following Calculations relating to Simple 
ntereft 5 I have here annexed a ſmall Table of ſeveral 
Rates of Intereſt, with their Ratio's, and the Logarithms 
of thoſe Ratio's. 5 N 4 8 


Rates of Ratio's Log arithms Rates of | Ratio's [Logarithms 
Intereſt, Lg 7 thoſe || Tatereſt | if theſe | of thoſe 
| [per Cent. es. 1 atio's. er Cent.] Kates. | Ratio's, 


— 


VEE 


| 3 | 093 [Bama] 7 %% [8.845098] 
E 0,04 8.502060 7 | 85273 8.875068] | 
4* | ,045 [8.653212 8 40,8 [8.903090 

5 885 8.698970 CY 
5x | $5955[8.740363Þ)] 9 | 
6 | 0,06 8.77815 94 | 0,095] 8.977724 

| 0,065: F.812913 | lo 0, | F 


2,685 [8.929419 
o, og [8.954242] 


—— 


75 
* 


Theſe things bong premiſed, we may proceed to the 
vlowing Work z and firſt, of Money forborn at any Rate 
it Simple — 5 
Sect. 1. Of Simple Intereſt. 


upon a Series of Terms in Arithmetical Progreſſion. 


— 


LL Computations in Simple Intereſt are grounded 


0 


134 Of Simple Intereff | 
. fi nify any Principal or Sum put to Intereſt. 
LE 


T the Time of its F at Intereſt. 


R the Ratio of the Rate o Intereſt # er Cent. 


A the Amount of the Principal and 1 Intereſt. 7 
If R the Intereſt of 1 J. for 1 Lear, as above; bat 
Then 2 R = the Intereſt of 1 J. for 2 Years : z | car 
And 3 R the Intereſt of 1 J. for 3 Years, c. e / 


But R R＋ ; R, &c. are Terms in Arithmeticy 
Progreſſion, whoſe firſt Term is R ; and the Number e 
all the Terms will be T. Conſequently the laſt Term vil 
always be J R= the Intereſt of 1 . for any Propoſe 
Time ſignified by . And then it will be 


AI l. is to its Intereſt:: So is auy Princi al 9 
Thus, Sum : to its Intereſt. f Th 


That i is 11: TR:: P: TR = = _ tral of 9. 
Then the Principal being added to its Intereſt, it will be 
TRP+P=A4A the Amount required, and gives this pe 


neral 
. heorem, 2 R S2 Wi 


This R admits of four Caſes, or Variety 1 
ueſtions. 
Caſe 1. If Y, 7, and R, are given, 3 to find 4 
That is, If any Principal, with the Time of its being x 
| Intereſt, and the Rate of Intereſt per Cent. per Ann. ar 
given; to find the Intereſt, and the Amount, 

This Queſtion I take to be of the moſt general Uſes 
any that occurs in the whole Buſineſs of Simple Interct; 
and may be perform'd thus: 

Firſt by Common Arithmetick. | 
C Multiply the Principal, the Time, 2 the Ry 
%. #14 44 the Rate, all three together ; and ther 
Rule. Product will be the Intereſt: To cobich add tit 
Principal, and the Sum WW! ll be the Amon 
— 1 | 


Thu 


Example. 
wW ” Sum vill 5671. 108. amount to in nine Nets, 


at the Rate of $s per Cent. per Annum ? Or t 


1d 147 
Here is given = 567,5 T=9 and R = 0,06 to 


5 find A; which by the Rule 1s done thus : ent. q 


Firl 


E 2: and Annuities, &. 11 
firſt Þ =557z5 2 jolv. Again, 5107, Multiple 
and 7= 2 §Nultipy. R'=o,06 CMuttply. | 
Product 5107, 5 | 306, 45 =3Cc6l. 95. 
That is, 306 J. 95. is the Intereſt of 567 J. 105. for nine 
ears: Then 306 J. 9 5. + 567 J. 10 5. 2 873 l. 19 5. A, 
e Amount require. „ 
| The ſame perform'd by Logarithms. 

55 the Log. of the Principal, add the Log. of the 

hus, < 


eticy 
Cr ( 
1 will 


poſed 


Time, and the Log. of the Ratio ; their Sum 
ill be the Log. of the Intereſt : to which add 
C rhe Princapal, &c. as above. 5 
I bat is, in the ſame Example; 
Thus, P == 56 7,5 its Log. is 2.753966 | 
And, 729 its Log. is O. 954242 Add 
ER co, its Log. is 8.778151 
The Sum is the Logarithm 2.486359 of 306,45 
That is, 306 J. 9 5. is the Intereſt as before, to which 
e Princip. 56 l. 105. being added, = 
ty U he Sum is B73 l. 19 S. = A, the Amount requir'd, as 


| hove, 
nd 4, 
ing N 
N. are 


al r 


f PD. 
ill te 


is ge. 


Coſe 2. When A, T, and R are given; to find P: that 

, To find what Principal or Sum, being put to Intereſt 
y aſſigned Time, will amount to a propoſed Sum in that 
me, at any given Rate of Intereſt per Cent. per Annum, 


_ Firſt by the Pen only. We; 
 ( Multiply the Time with the Ratio of the Rate, 
aud to their Product add 1: Then divide the 
Propoſed Amount by that Sum, and the Quo- 
tient will ſhew the Principal required. 
Example. | | | . 
What Principal er Sum of Money, being put to In- 
reſt for nine Years, will amount to (or raiſe a Stock of) 
31. 19 8. at 6 per Cent.? &. „ 2 
Or thus; Suppoſe a Debt of $73 1. 198. were not to b2 
Kd until nine Tears hence; what world it be worth in 
usy Money, the Creditor allowing the Rate of 6 per 
aA TG 1 to the Debtor: 2 
n this Queſtion there is given, 488 T=9 
d RS c to find P, A+ 5 5 
1 Thus 


Tſe d 


erell; 


R 
' their 
ad the 
7240018 


Years 


We! a 


Fill 


j 


— * a= nt 
— = 7 


| ſtien, as Wee. 


136 Of Simple Intereſt | 
Thus 72 8 Then o 3 = 
t. 554 
N = 0,06. Mu! 1,54) 8 73795 60 567,8 
Product 0454 
That! „ 56 nh = 567, I. 10 5. is the Principal (or Read 
Money) requir'd 
The BM may be perform'd by Logarithms. 
Add the Leg. of the Time to the Log. of the N. 
\ tioof the Rate, 7 to the Number found 
Thus their Sum, a4 1. Then if the Tos. of tl 
A Sum be ſubſtratted from the Log. of the pri 
' fed Amount, there will remain the Log. of 
Princt pal required. | 
That is, in the ſame Example: 
Thus Ty + ts Log. is O. 2.954242 Add 
And R, os its Log. is $. Dan 


The $um is this Logar. 9.732395 0,5 To vl 
adding d, it it will became 1,45. 
Then AJ = 873,95 its Lg. is 2. 941487 Subſtradt 
And 1,54 its Log. is O. 187 7521 


Kemains the Logarithm 2.753966 of 56%, 5 = 
That is, 567 J. 10 5. is the AN required by the ( 


Caſe g. pet 9 and were given; to find o, 
viz.Havin ng, any Princi pal,with; ahe Time of i its being at Cen 
_ rereſt, and the Sum it's Ny to raiſe or amount to 
that Time given; thence co And the Rate of Intereſt h 
Cent. Fer dunum. 
Firſt by the Pen only Ry 


C Vibe Difterence between the propoſed Ami 
and the Principal, be divided by the Prodi 
of the Principal multiplied into the Time, i 


Quotient will ſhew the Ratio 4, 1 Rate 7 


. Tereſt regrtired. Hoc 
Example. I; 

At what Rate of Intereſt per Cent. «vill 56) . 1 , 
ruiſe a Stock, 07 Amount to 8 73 J. 19 8. in nine Mars bin f 
lere is given P=567,5 T=9, and A =81:. A 
to find KR Which by the Rule is T! 
Year 


Th 


Am 
Prodil 


me, l 


Rate 


J. 40 


r's-tlil 


= 87% 


Th 
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Thus, 873,95 — 567,5 = 306, 45 the Dividend. 
And 356), 59 = 510% 5 the Diviſer. 
Then 510), 5) 306,45 (0,06 = R, the Ratio of the Rate 
of Intereſt : x 


fer Cent. &c. as was required. 

* Or by Logarithms, 8 3 
From the propoſed Amount ſubſtra the Princi- 
pal (as above; ) then from the Leg. of the Re- 
mainder, ſubſiract the Sum of the Legarithms 
of the Principal and the Time, and there will 
remain the Log. of the Ratio of the Rate, &c. 
That is, in the ſame Example, 
873,95 — 567,5 = 306,45 its Log. 2.486359 

And Y = 557,5 its Logarith. is 2. 66 | 

- Tin f g "as 3 is 3 F Add 
From the firſt Log. ſubſtr. this Log. 3.708 28 


. 


Thus, 


Which ſhews the Rate of Intereſt to be 6 per Cent. per 
Annum, as before by the Pen. ” 


_ Caſe 4. Having P, N, ad A given, to find T: that is, 


to, or raiſe any propoſed Sum, the Rate of Intereſt per 
Cent. being alſo given. 
8 Firſt by the Pen only. 
If the Difference between the propoſed Amount 
3 and the Principal, be divided by the Product 
Rule. of the Principal multiplied into the Ratio 
OC of the Rate; the Quotient will ſhew the Time 
> required. 
| Example. 


Fock of ) 873 l. 198. at 6 per Cent. per Annum? _ 


A=$73,95 to find T; which is done thus 
Firſt 873,95 — 567,5 = 305,45 the Dividend. 
And 567,5 X 0,06 == 34,05 for the Diviſor. 


Then 34,05) 306,45 (0 . the Time ; vis. nine 


Tears will be the Time requiret. 
Fr ey "TP ; The 


And as 1: is to 0,06 :: ſo is 100: to 6 the Rate of Intereſt 


And there remains the Logarith. 8.778151 of o, 


to find the Time in which any given Principal will amount ö 


In what Time will 567 l. 10s. amount to (or raiſe a 


In this Queſt. there is given P=567,5 R=0,06 and 


138 Of Simple Intereſt C 
Ihe ſame perform'd by Logarithms, | 

From the propoſed Amount ſubſtract the Princi. 4 

\ Fat (as before; ) then from the Logarithm of 


Thus, the Remainder, ſubſtract the Sum of the Io. ot 
 garithms of the Principal and Ratio of the Wl 
Nate; and there «ill remain the Logarithy 

C. of the Time. at 

That is, in the laſt Example; ſo 

Thus 873,9 — 367,5 = 306, 45 its Log 2-486259 il th 


R =0,06 its Logarith. is 8.778151 


P=567,5 its Logarith. is 4755955 TA [nf 
From the firſt Log. ſubſt ract this Log. 1.532117 | 4 


There remains the Logar. of y = 7 0.954242 
Which ſhews, that the Time ſought is juſt nine Years, 
If the Work of theſe four Examples, and the Rules by 
which they are perform'd, be well underſtood, they wil 
be ſufficient (norwwirhſtanding there is really but one Qui. 
ſtion, only it is varied according to the ſeveral Caſes) to 
ſhew how any Queſtion of the like kind may be truly re- 
ſolv'd, at any propoſed Rate of Simple Intereſt, and for 
any aſſign'd Time; eſpecially it the Time given (ot 
ſought) does conſiſt of compleat or whole Years. 
But if the Time given (or ſought) does not conſiſt df 
whole Years, as molt generally it does not, it being cither 
leſs than a Year ; or Years, and ſome Parts of a Year, as 
Weeks, Months, or 1 * &c. then the odd Time, 
leſs than a compleat Year, muſt be reduced (or converted) 
into Decimal Parts of a Year (Fer Sedt. 5. ..) And un 
leſs ſuch Parts of a Year chance to be juſt 3 + or $ot a 
aar, then the beſt way will be to reduce the odd Time 
into Days, and then work with the Decimal Parts of a 
Year that are equivalent to thoſe Number of Days. 
And for the eaſy and ready finding out of the true Num. 
ber of Nays that are contain'd between any two aſſigned 
Times leſs than a Year, and the Decimal Parts of a Year 
t1at are equal to thoſe Days, I have here inſerted two 
"labs . 3B 
The Uſe of the following Table of Months and Days, 
is no more but thus: Find the firſt propoſed Month at the Ti 
top or head of its reſpective Part of the Table; and in Te 
the ſame Column under it, look for the other Month, gon — 


* 
* 
* 
* 
e 
4 
8 
8 
4 
K 
"| 
* 
4 
þ 
3x 
* 
an 
1% 
7 
*** 
* j 
+ i 
. 
* 
* 
uf 
S 
. 
1 
* 
1 
* 
* 
Cie 
6 
Ie. 
x 
F 
p 
3 
»4 


1 q 
iz 

4 

* 

14 

Ws A 
| 
% 

* 

1 

4 
= - . 

: 

* 

il 

j 


— .. 


3 — — 4 — — o 
CE — —  —  — —— — 
y ” 8 


n 
— 3 
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by it ſtands the Number of D ys requir'd, according to 
ci. the Title of the Table. | : 
2 of As tor example; From the 1ſt, 5th, 1th, 15th, or any 
Lo. other Day in April, to the 16, 5th, 1ioth, 17th, (viz. 7s 
the th: ſame) Day in December, is juſt 244 Days. 
but Or, From the 4th, 5th, or 12th, Ec. of October, to the 


4th, 7th, or 1-th, Sc. of Auzuſt, is juſt 304. Days. And 
ſo the true Number of Days that are between any two of 
the ſame Days in the propoſed Months, may be found by 


F * only. 


* : 8 * 8 . 5 1 
4 Table that os dos, by Tnſpeftion only, the true Number $ 
of Days, from every Day in any Month, to the ſame| 
Day in any other Month, throuahout the whole I 18 
by January Februar.] March | April [ May 1 | 
will Febr. 319 Mar. 25] Apr. 31 May 3c[June 31 July 30 
- Mar. 59] Apr. 59} May 61 | June 61]July 61 Aug. 61 
"to Apr. gol May $9] June 92 July Ro Aug. 92 Sept. 92 
re- May 120 June 120 July 122 Aug. 122 Sep. 12 125 
for June 152 July 150 Aug. 15; Sep. 153 Ost. 153] 0-03 
(or Ju'y 181] Aug. 181 SCP. 184| Oct. 183 Nov. 184 Dec. 1833 
| Aug. 212 8 212] Oct. 214 Nov.214 Dec. 214 Jan. 214 
| Sep. 245] Oct. 242} Nov.245| Dec. 244. Jan. 245]Feb. 245 
her Oct. 27:4 Nov.27:|Dec.2755| Jan. 27 } Feb. 276 — 
„For. 304 Dec. 303] Jan. 306 Feb. 306 Mar. 304 pr. 3204 
me, Dec. 3 33 Jan. 5334] Feb. 337 Mar. 334 Apr. 335 May 334 
ed) Jan. 3651 Feb. 355 Mar. 365 Apr. 36 5 May 365 June 365 
un. — — — — — 
ff a July | Auguit Septem. | Octob. Novem. rem: 
ime IM | Aug; 314SCPr. 314 Oct. zo Nov. 314Dec. 30, Jan. 3 
ta | dept. 62 [Oct. 61 Nov. 61 Dec. 614Jan. 61 Feb. 62 
Oct. 92 [Nov. 92 Dec. 91 an. 92 Feb. 92]Mar. 909 
im- Nov. 123 Dec. 122 Jan. 122 Feb. 125, Mar. 120, Apr. 121 
ned Dec. 153 an. 153 Feb. 153 Mar. 151 er | 3. 
ear Jan. 184 Feb. 184.) Mar. 181]Apr. 182 [May 17 June 182 
two Feb. 215 [Mar. 212 Apr. 212 May 212 Jung 212JJuly 212 
| Mar.243 Apr. 243 May 242|Junc 243 July 242JAug.243] 
Apr. 274} May 273 June 273 July 273 Aug.273[Scpt.274 
ays, | > oe J Fd: i ol ol 
the May 304 June 304 July 303 A 28 e = . 3c | 
in Jane 335 July 334 Aug. 334 ing. 534[Nov-335 | 
and {July 365 Aug. 265 Sept. 365 & 36 Nov. 365 Dec. 5 


2 


But 


> 


F — _ — — * — op 2 - 8 * — 1 A 
—— Y ” 9 — => "> - 1 * 5 — — LE — _ ** X ho te —_— > 2 „ ö * 0 — 
3 9 5 - — e — 2 2 > — 5 2 A. wa Tx a « * 1 _ — 4 7 SF. — — — 71 2 — 8 1 3 
£27.26 * . 2 2 3 TIF” Ts . ſn _ ＋ . — — 2 : =" £ - * 4 
= -4=3r thaw ——— ——_ | i >. —5 2 — 22 £ qv: = * Ang ES 


ft 
i 
. 


ns ALE — E-AG LG Sag 


— 2 — — —— 
— 


— 


Os — * — 
' c 


found againſt them by Inſpection only. 


nat Pa. 3. En — _ . 1 To 


| Decimal Parts of a Year equal to 135 Days? — Þ 


Then 


140 Of Simple Iutereſt 0 
But if the two given Days of the Month are differen, M / 


then their Difference muſt be added to the Number found Mt a 


in the Table. As, ſuppoſe, between the 4th of October Nplac 
and the 25th of Auguſt : Here, becauſe the 25th of the Mice 
one Month is 21 Days more than the th Day of the other Murr 
Month, therefore the Number of Days requir'd will be Nbe n 
504 + 21 ; vis. 325 Days: and ſo for any other tuo 0 


Months and Number of Days in any propoſed Time MoD 
throughout the Year ; as in the Table above. - © 


able for the ready finding the Decimal Parts of a 
Var, equal to any Number of Days, &c. 


Days. Der. Parts Das. Dec. Parts Days. Dec. Pari 


—— 


1 c, o io =, 2739) [1060 0, 273973 
2 O, 05479 20 S , 054794 [200 85547945 
3 8219] 30 S , 82192 300 =c,821918 
4 == „010959 40 S, 109589 365 = I, OCC O 
5 =0,013699] 50 S, 136986 — 
6 =, 0164386 =, 164383 [2 of a Tear=0,2 5 
7 ==0,019178 | 70 Sc, 191781 1 4 Tear =0,5 
8 =0,021918 | 80 =c,219178 of 3 
| 9880,924657 | 90 = ονν,ãε Ne 
— ens 0 | 
The Uſe of this Table is thus: 
If the propoſed Number of Days can be exactly found 
in the Table (under Days) their Decimal Parts are alſo 


But if the true Number of Days cannot be exactly found 


there, then both they, and their Decimal Parts muſt be 


eollected out of the Table at twice, or thrice, according 
as their Number requires. 


As for Example: Suppoſe it were required to find th 


| | He 

Days. Dec. Parts. 5 
(10 , 239 . 
30 = 0,082192 & Add all theſe together, 
5, 013699 VV ELLE, 


1 5 Hence 135 = 0,369864 the Decimal Parts required. 
22 apo To 


ound 
allo 


ound 
{t be 
ding 


1 the 


And 


And thus may the Decimal Parts of a Year, equivalent 
to any given Number of Days, be very cafily ſound to fix 
Places of Figures ; but for common Buſineſs, it may ſuf- 
ice to work with only four of thoſe Places; and in ſmall 
Sums, two or three Places (according to Diſcretion) may 
be near enough to the Truth. © 

Or the Decimal Parts, equivalent to any given Number 
od Days, may be found by the Logarithms, te 

From the Log. of the given Number of Days, ſub- 
Thus ſtract the Log. of 365 Days, (vis. 2.562293) 
and there will remain the Log. of the Decimal 

Parts equal to thoſe Number of Days. 

| Example. 3 

Let it be required to find the Decimal Parts of a 
equal to 135 Days; as before. 

Here is given 135 its Logar. is 2.130334 20 
Days in a Tear 365 its Logar. is 2.562293 CSubſradh SY 
And there remains the Log. 9.568c41 of o, 369863 
ie Decimal Parts equal to 135 Days, &5c. as aboye. 


Theſe things being underſtood, it will be as eaſy to cal- 
ate any Queſtion relating to any of the foregoing Cales, 
then the Time given, or ſought, is either leſs than a Year, 
r Years and Parts of a Year ; as it is for thoſe in whole 
cars only. 353 5 
As for inſtance in Caſe r. Suppoſe it were required to 
Ind M hat Sum 780 l. 158. would amount to in 3z Tears and 
9 Days, at Five and a half per Cent 


In this Queſt. there is given P=780,75 R=0,055 
:d7 = 3,4 924 found by the Table. TE 


Thus, Three Years = 3.000000 
. ICO = 0.273973 Add 
Davs 70 . 1917810 = 
e 9 =0.024657 4 
Hence 3 Years and 179 Days is = 3.490411 = . 
Ihen = 780, its Log. 1 0 


Tear 


T = 3,4904 its Log. 0.542875 Add 
R =0,055 its Log. 8.740363 | 
The Sum is the Logarithm 2.175750 of 149,88 


That 


Pays is the time required by the Queſtion. 


142 Of Simple Iutereſt b. 
That is, 149,88 = 149 . 155. 7 4. the Intereſt. To whic 0 
Add the Principal 780“. 15. 0; „ de 
And the Sum is 9301. 12 5. 74. the Amount required. 
Again, That! yp WAKE all as plain as I can, take, 
Example in Caſe 4. vis. to find the Time. | 


Let it be Rnd to find, In what time 1801, I5 


 evould amount to the Sum of 930 l. 12 8. and 7d. at th 
Rate f 5+ per Cent. per Annum? 


In this Example there is given A = 930,6 3 Wa = 05 
as P= 580,75 to find T: Which is done thus: 


930,63 — 780,75 = 149,88 its Log. 2.1777 
And P= 580,75 its Log. 2.892512 
R =0,055 its Log. 8. eee; % 
From the firſt Log. ſubſt. this Log. 1.6 1.632575 
And there remains the. Log. 0.542875 of 3.4904 


That is, 3 Years, and o, 3904 Decimal Parts of a Yez 
but ©,4904 = 179 Days : ; conſequently 3 Years and 1: 


Or the Decimal Parts of a Year may be otherwiſe ! 
duced into Days, by help of the laſt Table : 


As in this example: From o, 4904 the given Parts, 
take the next leſs tabular No. 0,2740 = 100 Days. 


| There remains 8,2164 
Again, From the Rem. take , 1918 = 70 Days. 
Laſtly this o, 246 = 9 Days. 
So that ©4904 = 179 Days, by the Table, Ec, as be 
fore. 
Or the Decimal Parts of a Year may be reduced in 
N Days by the Logarithms; 


To the Log. of the propoſed Parts, add the It 
Thus 4 


of 365, the Days iu a common Tear, and the dufte, 


: i be the Log. of the Days required. Þ dot! 

Tp 

For inſtance, in che laſt Example, wherein hs gie gar 
Decimal Parts are o, 4904 Log. 9.6905 50 2 aaa all 
The e Nays! ina Year are 365 its Log. 2.56229 « 15 


The Sum i is this Logarithm 2.252843 of 179 
Ec. | 5 | 
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. 1; 
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de 


I are to be reſolved by Legarithms ; that Mork being 
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dect. 2. of Annuities, or Penſions, Cc. in Arr carr, 
computed at Simple Intereſt. 


Shall here make uſe of the ſame Letters to denote the 
ſeveral parts of the Queſtion, as before, ſave only LU, 
| Denotes the Annuity or Penſion, Sc. vis. either 
'Lycarly, half yearly, or quarterly Rents, 

The Time of its being unpaid, viz. the Number of 
2 all the Payments that are in Arrears 
,FThe Amount of the Annuity and its Intereſt ; vis, 
iche Sum of all the Arrears due. SE 
The Ratio of the Rate, vis. the Intereſt of 1. as 
„ 5 „ 
hen if U== the firſt Year's Rent without its Intereſt; 
Ind fra ern 0 due the ſecond Year, 


And . e ee e 0 due the third Year, 


NV D the Intereſt 2.1, 1 
A 4U = the Rent, $ — * 
ence it is plain, that _ 


RU 2RUS3R4-4U=A, the Sum of all the 


Wits, and their Intereſts being forborn 4 Years. Here 


[=4, ſo that RU + 2RU+ ;RU=A— TU. This 
ries being truly manag'd. 55 
D ALTO 


+ Then will 1 


From this Equation is deduced the following Rules, 
ich admits of four Caſes. . 


ate, J do here take it for granted, that the Reader 


wth by this time very well know how to perform Mul- 


Uplication and Diviſion of any given Numbers, by Lo- 


grit his; (as directed in Chap. I. and practiſed in 
al the Examples of the laſt Section:) And therefore 
1 ſoall, for brevity ſake, oinit ſetting down in Words 
at length (as in the laſt Section) how the folloceius Ca- 


fo 


144 


Of Simple Intereſt 

So eaſily underſtood, by having a due regard to their 
33 Rules; that, it ſeems to me, to be wholly ny 

 teſi to repeat in Words how it is to be done: but on 

fet down the Work at large of all the Examples, ac 

ding to the import of their reſpective Rules, by uli 

hey are computed with the Pen only. 


_ Caſe 1. Having U, T, and R, given; to find A: N 
is, if any Annuity, or Rent, with the time of its be 
unpaid, and the Rate of Intereſt per Cent. be oing 
thence to find what Sum all thoſe Arrears will amount. 
in that time, allowing any aſſigned Rate of Simple 
tereſt for every particular Payment, as it becomes * 


C Multiply the Time, the Time leſs 1, and half! 
Ratio of the Rate, al! three together, aui 
Rule. their Product add the Time; then multi 
that Sum with the Annuity, and the Prodi 
Vill. ſbeæ the Amount requires. 


Example. | 
Suppoſe 356 J. Annuity or yearly Rent, be forborn 
unpaid nine Years; hat Sum ll all thoſe Arrear; 
' mount to in that time, allowing 6 per Cent. per Ann. 
each Payment as it becomes ane? 

In this example there is given U= 356, T =9, an 
R =0,c6; to find J. 5 

- Firſt by the Peg e. 

Let the Work be prepared thus, 9 —r=8, ar 
2 R= o, 03 7 „%% 
Then 9x 8 = 72; and 72 X 0,03 = 2, 16; to whid 
adding the Time, it will be 2,15 ＋9 = 11,16; and 117 
multiplied with 356 is 3972,96 = A. _ 

That is, 3972 J. 195. 25+ 4. will be the Amount, 
was required. e ” 1 
- The ſame perform'd by Logarithms. 
Firſt T g its Logar. is 0.954242 © 
And 7 —1 =8 its Logar. is 0.903090 >Add 
Again, R c, Oz its Logar. is 8.477121 ; 
Their Sum is the Log. 0.334453 of 2.16 


The 


Ch. 2. and Annuities, &c. 143 
Then 2,15 +9 =11,16 its Log. is 1.047664 Add 
And U=356its Log. is 2.551450 ; 


of all the Arrears, as before by the Pen. 


Caſe 2. When A,T, and R, are given, to find U. 5 That 
is, to find what Annuity, or Yearly Rent, being forborn 
or unpaid any affign'd Time, will amount to a propoſed 
Sum, allowing any given Rate of Intereſt per Cent. for 
every Payment as it becomes due. 6 

= 4- Multiply the Time, the Time leſs 1, and half the 
Ratio of the Rate, all three together; aud to 
their Product, add the Time (as before :) Then 
divide the propoſed Amount by that Sum, and 
the Quotient will ſhew the Annuity, or yearly 

Rent required. „„ | 
. Example. | 
Suppoſe it were required to find, Nhat Anmity, or 


yearly Rent will amount to (or raiſe a Stock of) 3972 l. 


195. 22 d. allowinz 6 per Cent. for every Payment as it 
becomes awe? „ as „ 

In this Queſtion there is given A=3972,96; T==9 : 
and R = 0, O6; to find U: which may be thus done. 

Firſt by the Pen only; Thus, 

The Work prepared is 9 — 1 28, and >R =<c,07; 
then 9 * 8 =72, and 72X 9,03 =2,16 ; which being ad- 
ded to the Time, is 9 + 2,16 =11,16 for a Diviſor, 

Then 11,16) 3972596 (356 =U 
Vir. 5561. will be the Yearly Rent required, 
The ſame 3 by Logarithms, 
Thus, T=9g its Log. is 0.954242 


1 T—1==8 its Log. is 0:9030390 Add 
And: R co its Log, is 8:477121Y 
The Sum is the Logarithm 0.334453 of 2,16 
Again, A= „96 its Log. is 3. 13 
n f. and 14g in eg igel bf 
There remains the Logarithm 2.551449 of 356 - 
That is, 3 56 J. is the Annuity, or vearly Rent, as before. 
The ö = Cafe 


The Sum is the Logarithm 3.599 114 of 397, 96 
That is 39721. 193. 22 4. A, the Amount or Sum 


2 8 
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cases; When 

is, to find the Time in which any Annuit 
being forborn or unpaid, will amount to any propoſed Sum; 
allowing any given Rate of Intereſt per cent. &c. for ea 
Payment, as it becomes due. 


TSiubſtrat the Ratio of the Rate from 2; the 
Aidvide the Remainder by twice the Rntio, ant 
call the Quotient x. r 7 
Next, Square that Juotient (vis. multiply i 
I withitlelf) aud call rbat Syuarexx. . 
Rule. & Then divide rice the propoſed Amount by ti 
I Product of. the Annuity multthlied with tit 
Ratio, aud to the (Quotient, add the Squan 
Number called xx: T hen extract the Syn 
| | Root. of that Sum, and from that Root fil 
* 


* 


222 


tract the Number called v, and the Remain: 
der will fhew the Time ſought. 
EG 5 „ OR Tr, 
What Time vill 3561. yearly Rent require to raiſe th 
Sue of $9721. 19 8. 254. at Six per Cent. &c. for eai 
Payment, as it becomes due? 
la this Queſtion there is given, /=356; R=0x6; 
and A= 3972,96; tofind 7. . 
5 | And firſt by the Pen only: 
Firſt, 2 — 0, 6 = 1, 94 and 2 R= o, 12) 1,94 (T6, 166 = 
Next, 16. 166 X 16,166 26, 361 the Number call'd x: 
Then 2 A4 2 5945,92 and 356 x 0406 = 21,36 


And 21,36) 7945492 ($42,003 
Then 372, 03 ＋ 261, 361 = 633, 364 whoſe Squar 
Root is 25, 166. Laſtly, 25, 166 — 16,166 leaves 9 71 
viz. 9 Years, is the Time required by the Queſtion. 
5 The fame found by Logarithms. 
Firſt 2 o, 06 1,94 its Log $ 185 0b rag 
And 2 R =0,12 its Logar. is 9.791813 | 
There remains the Logar. 1.208621 of 16,166 call'dy, 
„„ Multiplied witn 2 3 
The Product is the Logarithm 2.417242 of261,361call'dr 


* 


Agait ' 


U, A, and R, are given; to find T. Tha 


V. or yearly Ren, 


Ru! 


| We 
1411-8 
1 00 1 


and Anmities, &&. 147 


Laſtly, The Number which belongs to the half Lo- 
garithm is 25,166 From which 


wh; 


fits 


Rule. 4 4 Diviſor. Sz — 

I Next, Subſtract the firſt Produtt from the pro- 
poſed Amoun?, then divide the Remainder by 
the oforeſuid Diviſor, and the Ct 

Le thè Ratio of rheRate of the Tue Peguired, 

„ Example. 5 
Srppoſe 356 l. yearly Rent, being Jorborn or unpaia 
nine Years, be propoſed to raiſe the Sun of 3972 1-198. 254d. 


whar Rare of Intereſt per Cent. muſt be allow'd jor every 


Payment as it becomes diu? | 
In this Queſtion there is given U = 3563 T=; and 
4=5;972,96 ;z to find R. Which may be thus found. 
Firſt by the Pen only; © 55 
Thus, 3 56 . 3204; and 3204X' 9 = 28836 
Next, 28836 —3204 =25632 its halt is 12816 tor 
be Dixit 5% nefl + Lond RD 
And 3972,96 — 3204 = 768, 96 for the Dividend. 
Then 12816) 563, 95 (5,26 = R the Ratio. | 


1 And 


C 
the Cut ent wit 


148 Of Simple Intereſt 
And it will be, As 1: is to 0,06 :: ſo is oo: to 6 the 
Rate of Intereſt per Cent. &c. as was required. g 


The ſame may be done by Logarithms. 

hus U=2356 its Log. 24551450 
ae h its Lou 83 vn Add 
To the laſt Log. add'this 3.505692 its Numb. is 3204 

Their Sum 4,459934 its Num. is 28836 

The Difference of the two Numbers is 25632. 
and the half of 25632 is 12816 for the Diviſor. 
From A = 3972,96 take the firſt Numb. 3204, and 
rhere remains 768,96 its Log. 2.885904 Subtract. 

and 12816 the Diviſ. its Log. 4.107752 5 — 


There remains the Logar, 8.) 8 152 of 0,06=R_ 

Then 1: 0,05 :: 100: 6 the Rate of Intereſt 5 
erſCu_CtTcccYccccrzr,zt 

Thus you have all four Cafes relating to Hunuities, c 
Rents, &c. in Arrears, with their Examples in Yearly 
Payments: But if the Aunuities, or Rents, are to be paid 
by Half yearly or Quarterly Payments, as molt general) 


they are, 
o Then, 88 


1. Inſtead of the Ratio of the given Rate of Intereſt 
you muſt take the + of that Ratio for Halt-yearly Pay. 
ments, and the 3 of it for Quarterly Payments, Ec. 

2. And you mult take the # of the Yearly Rent for 

Half-yearly Payments, and the 3 of it for Quarterly Pay- 
ments, SWO. „„ 
3. But inſtead of the propoſed Number of Years, you 
muſt take twice that Number for Half-yearly Payments 

and four times that Number for Quarterly Payments, E. 

/ Example, Eon Tones 
Examples in Halt-ycarly Payments. 
| Suppoſe 356 l. per Annum Annuity, payable every Half- 
year, were forborn or unpaid nine Years ; hat <vould al 
zhoſe Arrears amount te, at the Rate of 6 per Cent. pet 
Amum? &c. EE ß 


In this Queſtion there is given U=178, vis. the 2 df 


3561. R=0,03 the 3 of the Ratio of 6 per Cent. and 
T=18; vis. 9X2 the Number of Half-ycars in nine 
Years ; thence to find A. (per Rule at Caſe 1.) 

_ Firſt to prepare the Work 18 — 18173 
Goo, 9 Od 5 & 28 0,01. Then 


Ch. 2. and Anmities, & 149 
Then 18 X 17 306 ; and 306 Xx 0,015 = 4,59; to 
which add the Time, viz. 4,59 +18 =22,59, And 


hen 22,95 K 178 gives 4021, 2 = A, the Amount or Sum 
of all the Arrears, as was required. 


The ſame Examples in Quarterly Payments. 
That is, 3551. a Tear, to be paid every Quarter, being 
furbormn 121128 Years, what Sum ill it amount to, allowing 
per Cent, &c. for every Payment as it becomes due? 


« =” 
Dd 


Now here it will be U= 89, vis. the Zof 3651. R 


ad Mi 5, vis. the 4 of 0,06 the Ratio of the given Rate per 


en. &c. and T=36, viz. 9 x 4 the Number of Quar- 
ters in nine Years : thence to find A, as before. 


To prepare the Work 36 —1=35, 
| and + R = 0,c075. 
Then 36 X 35 =12603 and 1260 x 0,0075 9, 45; to 
r Which add the Time, viz. 9,45 ＋ 36 =45,45, and then 
15,45 X 89 gives 4045,05= 4, the Amount or Sum of 
pad Mal the Arrears at Quarterly Payments. 1 
| By comparing the Work of theſe two Examples with 
that in Pag. 144. it may be obſerved, that half-yearly 
Payments are more advantageous than yearly Payments; 
nd Quarterly are yet more advantageous than halt-yearly. 
For yearly Payments amount but to 3972 J. 19 58. 2 2 d. 
But 4 yearly Payments amount to 4021 J. cos. 3 J 4. 
And quarterly Payments amount to 4045 {. Of S. oo d. 
If the two laſt Examples be well conſider d and under- 
ſood, it will be eaſy to conceive how to compute any 
ueſtion in the other three Caſes, when the Payments are 
ther half-yearly, or quarterly; and therefore I ſhall 
mit inſerting Examples, and proceed to the next Section. 


- for 


you 


ents, 


dec. 3. The Preſent Wirth of Annuities and Penſions, 


al. 
7 &c. computed at Simple Intereſt. EE 


A all 


Þ IN this Section] ſhall make uſe of theſe Letters to de- 
note the ſeveral Parts of the Queſtion : | £5 
and 


nine 


U denotes the Annuity or Rent. 95 
5 the Time of its Coutinuance. * beſore. 
R the Ratio of the Rate of 9 a 1 
And Þ denotes the Preſent Worth of the Annuty. 


Then Then 


x59 Of Simple Intere(? 
| hop if the Genera Rules or Theorems o the two Ml Ch 
hit 808 ions be combined into one : that is, in tt firſt | i / 
185 RT T 3 9 Seck. 1. | 


de 
In the fecond STI . e 4 the 


That is, TITRU—TRU+ TU="4 1L 
And 27RP +2P=24. Which gives this | 
Theorem, TTRU—TRU+2TU=2TRP—:9 


And from this Theorem is deduced the following Rule, * 
which alſo admit of tour Caſes, as in the laſt Section. ; 


Caſe 1. Having U, Y, and R given; to find P). The 

That is, having any Annuity or yearly Rent, and the 

Time of its Continuance given; to find the preſent Worth 

of that Annuity, or Leaſe, Ec. allowing any given Rate The 
% Simple Intereſt Per cent. tg the Purchaſer for his rea 
ey. 


¶ Multiply the Time. the Time leſs 1, and half th 

Ratio of the Rate, all three together, aud u 

their Product add the Time; then multipl 
R ul e. that Sum with the Annuity. (So far the 
Work is juſt the ſame as in he laſt Section) 

Then divide that Product, by the Product 

the Ratio iuto the Time, added tot; and il 

* 8 1 70 ſheww rhe Preſent Worth mn 


Examp le. 


Su ppoſe a 2 2 of 250 l. pe Annum, he Remts 70 le 
paid half-yearl 10 ere to be lett for 21 Tears ; what may 


the preſent Worth of that Leaſe be, at the Rate of 5 per 
Cent. &? 


In this Queſtion there i is given U=125, vis. the 20 
250 'R = 0,oa5 the; of 0,25. the Ratio of 5 per cet. 
and 7 = 42, wy 21 X 2) the Number of Halt-years 
21 Years ; to find 


Firſt, the Work — ſtands chus, 4 2 —1 = 41, 
and 5 R=0,0125. 
Than 42 X41 =1722 5 and 1722 X0,0125 = 21,525 
Next, 21,525 +42 = 63,525 3 ; which multiplied wit 
; 2 ” the halt- yearly SOT; is 7 54055 25 for the Din 
den 


Rul 


Wi 
conti; 


8 
Age, 9 


w ch. 2. and Arnuiriec &c. "y L 
it Again, 42 K 0 0,025 1,05; and 1,05 _ 1 22,05 for 


be Bete, ) 7940,625 (397 3,47 55 = 
en 2,95) 7940,25 (3875, = Þ 
V 12. 38734. 95S. 6 d. will be the FOTO LY r Ach 


z Leaſe as Was required. 


The ſame. perform d by LAST : 
- Firſt T=4: its Log. is I 6232 9) 
len and 7— 1 = 441 its Log. 181.612784 Add 
1R =0,0125 its Log. is &. 0969I0 
The Sum is the Logarith. 1.332943 of 21,525 
N And. 21,525 +42 63,525 its Log. 1.502945 ad 
U= 1: its Log. is 2 96910 
mY The Sum i is the Log. of the Dividend z. . 89985 
a Again, 7 = 42 its Logar. is 1.623249 z Add 
5 And R=c%,o:5 its Log. is 8. 8.397540 
The Sum is the Logarithm q.c21189 of 05 
And 1,05 1 22, 05 for the Diviſor. - 


Then the, Log. of the Divid. is 899855 
And the Log. of 2,05 the Diviſ. 5 311754 Jews 


There remains the Log. 3.588101 of 387347 


That i is, 3873 J. 9. 424. is here fo be the pre- 
ſent Worth of char Annuity 3 as before, ere. | 


Caſt 2. When P, 7, and R. are given; ; to find U. Vis. 
70 To find what Annuity, 'or Leaſe, Sc. may be purchaſed 
m br any propaſed Sum, to cortinue ar y affi ned * ime, and 
; perfil any given Rate of Intereſt. ED 
Multiply the Tine, the Ratio of the Rute, and 
the preſent Worth, (vis. the Purchaſe- Money) 
all three together; und to their Profinet add 
. thepreſent North; make tha Silit'a Dividend. 
Rule 4 Then multiply 'the Tinte, the Tinte teſs r, And 
: half the Ratiò togelher; and to their Prothict 


I 
e 70 
Cel. 
Ars i 


28 


4* add the Tims; make that Sum a Diviſor ; the 
2 Ootient ariſing from Thence, ce ſhew the 
* 5 oP Auuiity, or Rent required. 5 
Il 
| Din Example. 


What Annuity, or Rent, to be paid balf- yearly, and to 
cant itte 21 Tears, may be purcl 1aſed for the 01111 of 38731. 
98. 6d. at the e Rate of 5 per Cent? a 

| n 


* 
* 
"FT 
T 
Tk 
7 
2 
* 
* 
* 
* * 
7 
mu 
1 


vyearly Rent. 


and 21,525 + 42 2 63,525 for the Diviſor. 


Rent, conſequently 125 x 2 = 350. will be the Annu 
or Rent per Annum, as was required. 


is, when any Annuity, with its propoſed Value or Pu 
| chaſe, and the Rate of Intereſt per cent. arc given 
hence to find how long the Purchaſer ought to enjoy it. 
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In this Example there is given P 3873, 475 3 T=, 

v1. 21 X2, the Halt-years in 21 Years, and R Son 

the 2 of the Ratio c,o5 of 5 per cent; to find U, the hal 


The Work prepared is 42 — 1 2 41; and: R =0,1; 
Then 3873,475 X 42 =162685,95 and 162685, 


0,025 gives 4067,14875 3 and 4067, 14875 ＋ 3873,47 
7940,62375 for the Dividend. 5 
Again, 42 X41 =1722 and 1722 X 0,0125 =21,z,, 


Then 63,525) 7940,62375 (125 =U, the half-year 


The ſame done by Logarithms. 
Firſt P= 3873, 475 its Log. is 3.588101) | 
— Add p 


And 7 = 42 its Log. is 1.623249 
Kd, oi 25 its Log. is 8.397940 1 
The Sum is the Logarithm 3.509 290 of 406 % ; WM Crer 


And 406,1 5 + 3873, 475 = 7940, 625 the Dividend. Del 


2 — 1 gu its Log. is 1.612784 


Again, T = 42 its Log. is 1.62 3249 „ 
i aa 
AndzR =c,o125 its Log. is 8.096910 


— 


The Sum is the Logarithm 1.332943 of 21,525 1 
And 21,525 ＋ 42 63, 525 for the Diviſor. I 
Then the Divid. 7940, 6a 5 its Log. 3.899854 F* 
The Diviſor 63,525 its Log. is 1.802945 Subſtrac 4 
Ih bere remains the Logar. 2.096909 of 125 I 
Dig. 1251. is the half-yearly Rent, Ec. as before. A 


Caſe 3. When U, P, and R, are given; to find 7. Thi 


¶ To the preſent Worth, add half the Amit) 


I - then multiply that Sum with the Ratio, di | 

Rule, ? ſ#2firatt the Product from the Annuity ; 11 4: = 

I divide the Remainder by the Product of MW Hal 
Annuity multiplied with the Ratio, and (1 


a rhe Quotient x. 
| | Net 


ch. 2. and Annuities, &c. 1 
[Next, Square that Suotient (viz. multiply it 


3 with itſelf) and call that Square xXx. 

* Typen divide the preſent Worth by the ſame Di. 

"Y |{ viſor, viz. by the Product of the Annuity into 
Rule. the Ratio; and to twice that pew add 

we Ws the Square Number called xx : then extract 

95 the Square Root of their Sum, and from that 


15M | Roor ſubſratt the Number called x; the Re. 
» mainder will ſhew the Time ſought, 5 


year Suppoſe one world lay out 3873 I. 98. 6 d. ready Money 
null a Annuity of 2501, per Annum, ro be paid by half- 
jearly Payments; how long may he enjoy that Annuity, 
tobe allow'd but 5 per Cent. per Annum, Simple Intereſt 
for bis Money? NN Ten ales era 
Bok Or thus; which is the ſame thingg 
In what Time will 2 50 l. per Annum pay off a Debt of 
18131. 98. 6 d. by half-yearly Payments, allowing the 
„iz Wl Creditor 5 per Cent. Intereſt for his Money, until the 
Dab: be diſcharged? R e 
In this, Queſtion there is given P 3873, 453 L253 
biz. the half-yearly Payments; and Ro, oz 5, viz. the 
;of the Ratio of 5 per cent. thence to find 2, the Num- 
ber of Half Tears. . 
Firſt #U/==62,5 and 6245 + 3873,75 = 39354975 
Then 3935,975 X 0,025 = 98,4 fere, and 125 — 98,4. 
rag Leaves 26,5 for the firſt Dividend. _ 
And 125 x 0,025 =3,125 for the 6ommon Diviſor. 
Then 3, 12 5) 26,600 (8,512 the Number call'd x. 
And 8,512 X 8,512 =72,454 the Number call'd xx. 
Again, the common Diviſor is 3,125 
E And 3,125) 3873,475 (1239, 12 
And twice 1239, 512 is 2479, 024 Add 
The Number call'd vx is 72,454 | 
And the Square Root of 2551,478 is 50, 5m2 
Laſtly, 50,512 — 8, 512 (the Number calld x) leaves 
42=7 the Number of Half-Years ; conſequently the 
Half of 42, vis. 21 will be the Time or Number of Years 
af required by the Queſtion. 


_ X This 
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This Caſe may alſo be reſolved by Logarithms, but it 
is attended with ſome ſeeming Difficulties, which require 
a due Conſideration of the Rule. 


As for inſtance in the laſt Example, wherein 
PSD 383,45 U=125; and R 0,025 ; to find 7. 
62,5 ＋ 3873,47 = 39354975 its Log. 3.595053 He 


R =0,025 its Log. is 8. 3.840 
The Sum is the Log. of 98,4 — 1.992993 
125—98,4=26,6 its Log. 1 1. 424882 of the Divid. 
Again, U=125 its Log. is 2.096910 5344 
And R =0,025 its Log. is J. 39“ 2.397940 
The Sum is the Log. of 3,125 : 0.494850 the Diviſor. 


Jo be ſubſt. from the we Log. 0.930032 Remains the 
Logarithm of 8,512 the Number call'd x. = 


And the double of the laſt Log. is 1. 80 064 which is | 


_ 8 - l the Number call'd xx. 
gain, P= 38 3, 475 its Log. 588100 
And the Log. of the Diviſor is 4 494850 Vabeg 


There remains the Logarithm 5.093250 of 1239, 512 


Twice 1239, 512 is 249,024 
The Number call'd xx 72,454 J i 
The Sum is 25515478 its Log. is 3. . 406792 = 
The Half of the laſt Log. is 1.703396 its 
Number is 50,512 from which ſubRra the Number 
call'd x= 5,512 


Remains 42,000 =T' the Number of Half enn Ec. 


28 before. 


| Caſe 4. When U, P, and T, arc given; to find R. 


That is, when any 1 with the Time of its Con- 
tinuance, and its propoſed Preſent Worth for that Time 
are given ; thence to find what Rate of Intereſt Jer cent. 
18 allow d the Purchaſer. 


Abe the Annuity avith the Time, and fra 

the Product ſubſtract the preſent North; thei 

make tetice that Remainder a Dividend, 
Rule, Next, Add the Annuity to twice the preſent 
| Worth, and from their Sum ſubſtraft the fir 

N Produc t ; then WRT the Remainder iid 

the 


Ch. 


the 


* 

on- 
me 
ent, 


2 
hen 
ent 
rf 
1h 
the 
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the Time, and make the Product a Diviſor ; 


by *ehich divide the aforeſaid Dividend, and 


the Quotient will ſhew the Ratio of the Rate 
of Intereſt required. 

5 Example. 
Suppoſe 387 3 l. 9s. 6 d. were given for an Aunuity of 


1 


250 1. per Annum, 0 be paid half-yearly, and to continue 


ars; what Rate of Intereſt per cent. &c. is allow'd 
the Purchaſer, Wy e 
Here is given = 3873, 45; U=125 the half yearly 
Payments ; and 7 = 42, the Number of Half, years in 
21 Years. Fn „„ 5 
Then 125 X 42 = 5250 the firſt Produt; 


And 5250 — 3873,45 =1376,525 its Double is 2753,05 


for the Dividend. ee | 
Next, 22 2 746,5 and 7746,95 + 125= 7871,95 
and 781,95 — 5250 (the firſt Product) leaves 2621,95 
Again, 2621,95 X 42 =I10121,9 for a Diviſor. 
Then 110121,9) 2553,05 (0,025 = R the Ratio of the 


Rate per cent. for half-yearly Payments, conſequently 


0,025 X 2 = 0,05 is the Ratio of the Rate per cent. per 
gaumim: And then it will be, 


As 1: to 0,05 :; ſo is 100 : to 5, the Rate of Intereſt 


15 was required. 3 
The ſame may be done by Logarithms, 
Thus, U =125 its Log. is 2-296919 Add 
And T= 42 its Logar. is 1.623249 5 
The Sum is the Logarithm 3.720159 of 5259 
And 5250 — 3873,475 =2-1 376, 525 the Double whereo 
s2753,05 its Log. is 3.439514 70 be reſerv'd. 15 


Next, 2 P=7746,95 and. 7746,95 +125 = 7871,95 


and 7871,95 — 5250 the firſt Product or Number above. 


There remains 2621,95 its Log. is 3.413624 Nd g 
The Time 42 =7, its Logar. is 1.623249 7² 
SGubſtract this Logarithm 5. 041873 Sum 

From the Reſerved Logar. vz. 3.437814 


And there remains the Logarith. 8.39 7941 of 0,025 _ 
Viz. 0,025 R the Ratio of the Rate per cent. for half. 
carly Payments, c. as above. | 5 
yarly Payments, Se. as ab 5 Ms 


= 


AY x . 1 
LOS bod 
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165 Simple Iutereſt 1 
Theſe four Examples may be ſufficient to ſhew ho 
any other of the like kind may be reſolved, either for 
whole Years, or thoſe of Quarterly Rents, Oc. provided 
the purchaſed Rent, Leaſe, or Annuity is to commence 

immediately, _ : 3 

But if it be required to find the preſent Value, or 
Worth of any Rent, or Annuity, Cc. in Reverſion; that 
is, when it is not to be enter d upon until after ſome Time 
or Number of Years are paſt; . 


| You muſt firſt find what the propoſed Annuity, or | 
Rent, &c. would be worth for the given Tin | 
of its Continuance, as if it were 10 be imme. 


diately enter'd upon: 
Then, 


that Reverſion, would amount to or raiſe the 


Sum which ſhould be paid for the propoſed 
& Annuity in Reverſion, 5 4 
5 „„ RS. + a 
There is the Reverſion of a Leaſe of 175 1. per Annum, 
20 be lett for eleven Years, which are to commend? after 
wine Years are expired; tis required to find the preſent 
Worth of that Leaſe, allowing the Purchaſer 6 per Cent, 
for his ready Money. 5 3 
The firſt Work in this Queſtion muſt be to find what 
1751. per Annum, to continue eleven Years, is worth in 
ready Money, ſuppoſing it were to be immediately enter'd 
upon: as in Caſe 1. pag. 150, 5 
That is, here is given U=175; T II; and R=0,6 


10ð find P, the preſent Worth. 


The Work prepared will ſtand thus 11 —1=19 
and RS c, oz. Then 11 X 10 K 0,03 = 3,3 
1 „„ 
Next, 14,3X 175 502, 5 for a Dividend. 
3 ain, II X 0,06 o, 66 and o, 66 + 1= 1,66 the Diviſ. 
Then 1,66) 2 502, 5 (1 50), 33 P the preſent Worth, i 
the Leaſe were to commence immediateſy; but becauſe i 
zs not ſo, therefore 1 25 


The next Work muſt be to find what Principal or Sum, 


being put out to Intereſt for nine Years, at 6 per cent, Ec 


Aud then you muſt find what Principal or Sun | 
being forborn at Intereſt during the Time if | 


aforeſaid Value; that Principal will be the 


The 
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ow Mill amount to 150), 53 J. the which will be found (er 
for NC 2. pag. 136.) to be 978,9162 =5978 1. 185. 34 4. which 
ed Is the true preſent Worth of that Leaſe in Reverſion, as 
ice Was required. | | 

2. Or if it be required to find what Annuity, Qc. in 
or N geverſion, may be purchaſed for any propoſed Sum, and 
nat at any given Rate of Intereſt per cent. when the Time 
me e Annuity is not to be enter'd upon, and the Time of 
its Continuance, are both given : N 


* CT he firſt Work muſt be to find what the Sum pro- 
foſed to be laid out in the Reverſion, would 
amount to in that Time herein the Annuity 
is not to be in Poſſeſſion, as if it ere forborn 
W Then at Intereſt during that Time, at any given 
en Rate per Cent. (by Rule 1. pag. 135. 
Aud the ſecond Work will be to find what An- 
the nutty, &c. that Amount will purchaſe (as in 
ſe Caſe 2. pag. 151.) and that will be the Anſwer 
> rs the Queſtion. e = 
Theſe two are the moſt general and uſeful Queſtions 
that relate to purchaſing Annuities, or Leaſes in Rever- 
iel N aan: Not bur that, if there be occaſion, either the Time, 
en N er the Rate of Intereſt, may be found by a due Applica- 
tion of their reſpective Rules. 55 
- I know that Sir Samuel Moreland, and ſeveral other 
vhat I Authors, that treat upon the Subject of Intereſt and An- 
h in WF wities, do aſſert, That neither the Arrears, nor the pre- 
ſent Worths of Annuities can be truly computed at Simple 
Intereſt, but only at Compound Intereſt : and therefore, 
lay they, all Computations of Annuities, or Leaſes, Sc. 
at Simple Intereſt are to be laid aſide as uſeleſs, _ 
"Tis true indeed, that in purchaſing of Annuities, or ta- 
king of Leaſes, either to E in — * Poſſeſſion, or in 
Rererſion; it is uſual to allow the Purchaſer Compound 
Intereſt for his ready Money, notwithſtanding it be not law- 
ful to lett out Money at Intereſt upon Intereſt, vis. at 
Compound Intereſt. „ : 2 
However, that we may the better judge whether ſuch 
Computations as are made of Annuities in Arrears at Sim- 
pic Intereſt, be uſeful or no: Let us here ſee and compare 
ow near they will agree with the ninety-nine Years An- 
nuities, ſettled by the late Acts of Parliament. _. p 
| | 4 NOIE 


ne. - 
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| Thoſe Annuities were fold at fixteen Years Value, o 
Purchaſe 3 that is, 16col. ready Money bought 102. per 
annum, to continue 99 Years, and ſo in proportion far ; 

greater or leſſer Sum. 
Now it may be reaſonable to ſuppoſe, that the Parliz 
ment defign'd at the ſettling of thoſe Annuities at that 
Value, to allow the Purchaſer after the Rate of Six je 
cent. per annum Simple Intereſt for his ready Money, ac. 
_ cording to the former Laws relating to Intereit : If fo, the 
Intereſt of 16001. would be 96 l. per annum for ever, (x 
by Caſe 1. pag. 134.) conſequently there will remain but 
4 /. per annum for 99 Years, in lieu of the Principal c 
Purchaſe- Money: that is, there will be but 99 x 41.= z 9c. 


repaid inſtead of the 1500 J. if it be only receiv'd without 


any further Conſideration. 2D 

But if we compute what that 4 J. per Aunum would 
amount to, if it were forborn in Arrears for 99 Year, 
allowing 6 per Cent. for every Payment as it becomes due, 


Ec. (per Caſe 1. pag. 144.) then will that Amount un- 
doubtedly ſhew what Sum will be truly repaid for the 


1600 J. firſt paid for that Annuity. 

And in order to that, there is given U= 4, T=9%, 
and R = 0,06 the Ratio of the Rate of 6 per Cent. to 
find A, the Amount. . 

Which prepared for the Work is 99 — 12998 


and à R =0,03 - 


Then 99 X98 = 9702, and 9702 X 0,93 =291,06 3 0 


find A, the Amount. . 225 7:2 
Next 291,06 ＋ 99 = 390,06 and 39c,06 X 4 =1560,:4 
equal A, viz. 1560 l. 45. 9y . is the Sum that will in 
effect be received for the 16001. over and above the 961, 
Per Annum Intereſt, ro 


Now in this Calculation take for granted, That if any 
Yearly Rent be forborn, or let run in Arrears, and any 
Rate of Simple Intereſt be allow'd for every Payment 4 
it becomes due; the Amount, or Sum of all thoſe Pay. 


ments will be the very ſame, as if every Year's Rent were 

actually receiv'd, and immediately put out to Intereſt at 
the ſame Rate. 

Whence it follows, That altho' 396 J. be all the Money 

that's actually received in the ſpace of 99 Years, mey 

| | Abo 
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above the 96 J. per Annum Intereſt ; yet according to the 
„Lature of Intereſt, there is effectually 1560 1. 41. 024. re- 
7 ; ceiv'd 3 ſuppoſing the Annuity to be paid but yearly, which 
; indeed paid quarterly; and therefore the Sum will be 
rlia. WW fill nearer to 1600 J. which plainly ſhews that the Com- 
that putations of Annuities, or Rents run in Arrears at Simple 
per Intereſt, are not to be wholly rejected as uſeleſs. : 
4. But I cannot pretend to ſay much in the behalf of ſuch 
the Computations as are made about the preſent Worth of An- 
(2s mities, or Leaſes, Ec. at Simple Intereſt, nor are thy 
by o be relied on in Practice: However, becauſe this Tra 
1 o MW ſhould not be wanting in that Part, I thought it convenient = 
396½% 0 ſhew (alt ho but briefly) how thoſe Computations may 
hour be perform'd. „„ 4 
And ſhall, in the next Chapter, handle the Buſineſs of 
ou burchaſing Annuities, Sc. more fully; eſpecially that 
ears bart of it which relates to Annuities, or Leaſes in Re- 
due, rerfion. | | | | 


= 99, CHA P. III. 


The Calculation of Cueſtions in Compound 
Intereſt, and Annuities ; perform d by the 
help of Logaritbhm n. 


Omponnd Intereſt is that which is produced from any 
I Principal and its Intereſt put together, as the Intereſt 
of that Principal becomes due: that is, at every 
Payment, or rather at the Times when the Payments 
become due, there is ill created a new Principal, by the 
Increaſe of the growing Intereſt ; and therefore it is called 
litereſt upon Iutereſt, or Compound Titereſt : which is 
grounded upon a Series of Geometrical Proportionals 
( VV TY 
Now in all Computations of this kind, whether they 
ire about Money torborn at Intereſt, or thoſe relating to 
eſt u Amuitics, &c. we generally make uſe of the Amount or 
No Produce of one Pound and its Intereſt for one Year, inſtead 
one] Wot the Ratio of the given Rate of Intereſt ; as before in 
ver 0 imple Intereſt. _ 


And 
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And that Amount of 1 J. is no more but the Ratio « 
the given Rate added to a Unit or 1. | 
For the Ratio is the Intereſt of 1 J. (vid. pag. 122. 
conſequently if that 1]. be added to it, the Sum will be 
the Amount of 1 /. (per Rule at Caſe 1. pag. 134.) Or 

The Amount of x /. for one Year at any given Rate of 
Intereſt per Cert, may be found by this Proportion; 
Vix. og 
As 100: 106 :: 1: 1,06 the Amount of 1 l. at 6 per Cont! 
Or 100: 107 :: 1: 1,67 the Amount of 1l. at) per Cent, 

And ſo on for any other given Rate of Intereſt. 


Dr the aforeſaid Amounts of 1 l. may be other ways found 
| by Logarithms, „ | %%%%¶ĩ a rol 


Ch 


Add the propoſed Rate of Intereſt to 100, a 1 
J from the Logarithm of that Sum ſubſtract Rel 
Thus, Logarithm of 100 (viz. 2.2000c0) the N lite 
” mainder will be the Logarithm of the Amy: 
of 11. at that Rate of Intereſt per Cent. 8 
PE 5 85 0 Example. 9 | 
Suppoſe the given Rate of Intereſt to be that of 6 pa 18 
Cent. per Annum. ts | \ 


Then 1co+6= 106 its Log. is 2.925306 F C f. 
3 And the Log. of 100 is ee Subſtr. Via 
There remains the Logarithm 0.025306 of 1,06 
Fiz. 1,06 is the Amount of 1 /. at 6 per Cent. 65. A 
And ſo for any other Rate of Intereſt, | 


And becauſe 'tis the Logarithms of thoſe Amounts « 
11. that are of greateſt Uſe in the following Calculi 


tions, I have here annexed a ſmall Table of ſeveral F 
Rates of Intereſt, with the Amounts of 1 J. per Am ul For 

_ thoſe Rates, and the Logarithms of thoſe Amounts, 
Ratt 1 
cal 


bect 


Ch. 3. aud Anmities, &c. 161 
tio of | | 85 . 


— 0 A- | Logoritha; Rates of The A- | Te. 
Inter 


ounts of thoſe Intereſt [mounts | of thoſe 
per Cent. of 11. | Amounts, | | per Cent.[o of rl. } Amounts, 
X Viz. R.] Viz. ef R. ff I. [Vi 


132. 
Or 
ate ot 


iz. R.] Viz. of R. 


3 [| 1,03 0.912837 7 [1,97 0.02 9384 $ 
4 | 1,04 [o. 017033] 7+ | 1,075 0.031408 £ 
4x | 1,045] 0.019116] | 8 | 1,08 0.033424 


Cent. 


oy 1,05 | c.021189 3 1,085] 0.035430 


5 8 

52 [1,055] 0.023252 9 [1,09 [0.037426]. 
6 }] 1,06 [o.025306]] 92 1, 0950.039414 
67 1,06510.027350) 10 fn 1 20413950 


found 


Theſe things being n you may 3 to the 
0 0 of Queſtions about Money forborn at Compound 
Intere 


„ Aa 
c the 
e Re 
mount 
3 Sed. 1. Of compound iner, or Money let out at 


Intereſt upon Intereſt. 


[Sl here make uſe of the ſame Letters to denote the 
ſeveral Parts of the Queſtion, as before, en R only, 


P denotes any Principal put to Intereſt. 
Viz oy the Time of its Continuance at Intereſt. 
A the Amount or Principal and its Intereſt, 
And R denotes the Amount of 1 l, for one Year. 


If RS the Amount of 1 J., 2 'c. as above; 
Then RR =the Amount of 1. for 2 Years. 
RRR S the Amount of 1 I. for 3 Years, 
NA = the Amount of 1 J. for 4 Years. 
Here 1=4, the Index of RRRR © . 
For 1: R: R: RR:: RR: R.:: R*: N &c. = 


As one Pound : Is to the Amount of 1 l. at 
That wan. f the Year's End :: So is that Amount : To 
its Amount at two Years, Cc. 


Rat: 1 it's evident, that the Buſineſs of Compound 

le ntereſt is grounded u on a Series of Terms in Geometri- 
cal Proportion, increaſing until the laſt or M Term 
becomes Rt, And 


1 Then 


r — . ò K K %˙ X 5 a 3 — 4 . a 


mount. 
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eAs 1 l.: is to its Amount for any given Time: : 80 
Then, 4 is any propoſed Principal (or Sum) : To itz 
Amount for the ſame Time. + 
That is, 1 I.: Ri: : P: Rt A, the Amount of 
P, for the ſame time that Ri =the Amount of 11. Noy 
from hence ariſes this general : 
Theorem PRt= A. 


This Equation admits of the ſame four Caſes, or V. 
riety of Queſtions, as in that of Simple Intereſt, And 
here it may not be amiſs to make uſe of the ſame Exam. 


ples, that we may the more readily ſee the Difference 
that is between Simple Intereſt and Compound Intereſt. 


Caſe . If P, t, and R, are given; to find A the 4. 


Firſt, Multiply the Lag. of R, the Amount 
\ 11, at the given Rate per Cent. with the Time, 
Rule. < then to that Product add the Leg. of the pr. 
bpoſed Principal, and their Sum will be the Lig, 
A of tbe Amount required. "| (  _ 
5 Example. — 
What Sum will 5671. 10 8. amount to in nine Tears, at 


zhe Rate of 6 per Cent. per Anum ? 


Aud 9 


; Their Product is o. 227754 . 
Alſo P = 56), 5 its Log. is 2.753966 925 


I The Sum is the Logarith. 2.981720 of 958,78 = A 
That is, 958 J. 155, 7 4. will be the Amount required. 
Conſequently 9581. 155. 54. — 567 l. 105. = 3911. 55.74. 


will be the Intereſt only, which is more than the Simpl 


Intereſt of that Principal, for the ſame Time, by 844. 
ws 1d” * ap 


Es Caſe 2. When A, , and R, are given 5 to find DP. 


F Multiply the Log. of R, the Amount of 1 l. at 
Ihe given Rare per Cent. with the Time (as be- 
Rule. fore 3) then ſubſtraft that Product from the 
1 Logar. of the propoſed Amount, and there witl 

remain the Logar. of the Principal TO 
| „ Exam: 
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1 Example. Hs 
What Principal or Sum of Money, being put out to In- 
reſt for nine Years, will amount to (or raiſe the Sum 
f) 958 I. 158. 7 d. at the Rate of 6 per Cent. per An- 
num | EY 5 | 
Or thus: There is a Debt of 9581. 158. 5d. which is 
wot due until nine Years hence, but 'tis agreed to be paid in 


Vi. veſent Money; what Sum muſt the Creditor receive, al- 
Ang ling che Rebate or Diſcompt of 6 per Cent. per Annum 
cam. the Debror for his ready Money” © 15 
ence. WM Here A958, 8 its Log. 2.981720 
t. And R =1,0 1 

= a EMulriply : 
e A. Nsobſtr. this Log. from the firſt 0.227754 p) 
it of There remains the Logar. 2.753966 of 567,5 =P. 
im, That is, 567 J. 105. is the Principal (or ready Money) ag 
pr. Ns required. "I £ 
Lt, 


Caſe 3. Suppoſe P, t, and A, are given ; to find R. 
From the Log. of the propoſed Amount, ſubſtratt 
the Log. 'of the propoſed Principal; then di- 
vide the Remainder by the Time, and the Quo- 
tient will be the Logarithm of R, the Amount 
of 11. &c. as in this Example. 
3 3 Example. 3 
At what Rate of Intereſt per Cent. &c. will 56) I. 1086. 
ais a Stock, or amount 70 9581. 158. 7 d. in nine Tears 
n 5 5 
|. lere is given A = 958,8 its Log. 2.98 1720 
J And = 567,5 its Logarith. is 753955 NSubitraet 
nple Alſo r = Then 9) 0. 2275400, O25 306 the 
84% Log. of 1,06 R; then 1,06 — 1 = 0,06 the Ratio, 
I And it will be, As : 0,06 :: So is 100 : to 6 the Rate of 
Intereſt: per Cont. GM. 8 
Caſe 4. Having P, R, and A, given; to find 7. 


Rule. 


7 , | 
: * = © From the Log. of the propoſed Amount, ſubſtrat 
| the \ rhe Lag. f the propoſed Principal (as before) 
% Rule. 4 and divide their Difference by the Log. of R. 
1 # the Amount of 11. at the given Rate, and the 
Quotient will ſhew the Time required. 


a 


X 3 Exam- 
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A Example. 

In what Time will 5651. 10 s. amount to, (or raiſe g 
Stock of ) 9581. 158. 7 d. at the Rate of 6 per Cent. per 
Annum? 5 
Here is given A= 958,8 its Log. 2.981720 7 
And P= 560, 5 its Logarithm is 2.753266 F 
Alſo R = 1,06 its Log. is 0,025306) 0.227754 (9 =t 


Viz. Nine Years will be the Time required by the Que. | 


ſtion. 


Theſe four Examples are ſufficient to ſhew how all 
Queſtions of the like kind may be truly reſolved, if the 


Time given (or ſonghit) be whole Years ; but if it be nc, 


then the odd Time, whether it be under, or above 2 
compleat Year, muſt be reduced into Decimal Parts of 2 
Year, by help of the two Tables in pag. 139 and 140, Cc. 
and then it will be as eaſy to reſolve any of the foregoing | 
| Caſes, when the Time given (or ſought) is in Parts of a 
Fear, as it is for thoſe in whole Years. | 


Example 1. When the Time is leſs than a Year, let it le | 
required to find the Amount of 375 1. for 210 Days, at 


6 per Cent. &c. OT N 
In this Queſtion there is given. P= 375; R= 1,00 


and ? =210 Days , 5753 Decimal Parts of a Year, per 


Section. N 
Firſt R=1,06 its Log. is 0.925306 Jax 1 
7 . 8 olan 
Their Product is c. 014558 Tag 


Table, Pag. 140. thence to find A; as in Caſe 1. of this 


__ Again D = 375 its Log. 18 2.574031 


The Sum is the Logar. 2.5 88 589 of 387,8 — A. 

That is, 387 l. 155. 7d. will be the Amount required. 
Example 2. Suppoſe it were required to find what 163 

dul amount to in five Years and 135 Days, at the Ralt 
of 6 per Cent. &, _ _ 25 5 
In this Queſtion is given S 265 Fa R =1,c6 ; and 
z== 5,3698; to find A the Amount, as betore, 


| Thus 


Subſtr. 
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Thus R= 1, os its Log. 0.025306 a 
7221 ws And == 5.3698 CMultiply 
per Their Product is 0.135888 N Add 
Again P = 265 its Log. 2.423246 5 


The Sum is the Logar. 2.559134 of 362,355 =A. 
Viz. 3621. 75. 1 d. will be the Amount or Sum required, 
Example 3. Let it be required to find what Principal, 


ue. Sum put to Intereſt at 6 per Cent. will amount to (or 


riſe a Stock of ) 3621. 78. 1 d. in fue Tears and 135 
= 775. 5 „„ 

al Here is given A= 362,355; R=1,06; and := 5, 36983 
the Wl tofind P, as in Caſe2. 5 | 

Thus A = 362,355 its Log. 2.559134 of the Divid. 
And R =1,06 its Log. is 0.025306 
Lo 5 = 5.3695 
Then ſubſtract this Logar. o. 135888 from the firſt Log. 

And there remains the Log. 2.423246 of 265 =D. 
Viz. 265 l. will be the Principal, or Sum required. 


TMultiply 


If the Work of theſe three Examples be well under- 
ſtood, it muſt needs be eaſy to find proper Anſwers to all 
Queſtions that can be propoſed in the other Caſes, vis. 


for any propoſed Time, and Rate of Intereſt, according 
as the Date requires. _ ä 


dect. 2. Of Annuities, or Rents, &c. that are in Arrears, 
5 computed at Compound Intereſt, 


[Shall here make uſe of the ſame Letter to repreſent the 
lame things as in Pag. 143. ſave only that R doth here 
denote the Amount of 1 J. as in the laſt Section. 
ed. U= the Annuity, or Rent. 
7 ind tSthe Time of its being unpaid. 
EA=the Amount, or Sum of all the Arrears. 
And R the Amount of 1 /. Ec. as in Simple Intereſt. 
Then will A—U=AR—UR:._ | 
; and From this Equation is deduced the four following Caſes, 
and the Rules by which they are reſolved, 


[ has | DC - N, B. 
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N. B. The following Caſes admit of ſome Variety, in . * 
ect to the true Tutervals of the Times, which are ge. ! 
irt the ſeveral Payments ; viz. it muſt be well con. « 
dered whether the Payments are to be made Yearly, or MW out 
at the End of ſome part of a Tear ; as the F, 4, 1, 12, . (cr 

That is, Half-yearly, Quarterly, Monthly, &c. he «ehich M the 
_ uſt be very carefully minded arhen the Dueſtion is pro. 
| poſed, in any of the following Caſes, or the Anſwers will An 
ꝛot be true. | 3 ord 
Caſe 1. Having U, t, and R, given; to find A. 
That is, If any Annuity, or Rent, Cc. with the Time of 
its being unpaid, and the Rate of Intereſt per Cent. ar: M £ 
given; thence to find what Sum all thoſe Arrears will W that 
amount to in that Time, allowing Compound Intereſt for | 
every particular Payment, as it becomes due. = 
| "Multiply the Log. of R (the Amount of 1 1.) vi 
| rhe Time, and to that Product add the Log. f. 
T rhe Annuity; then find the Number which lr. Th 
ES longs to that Sum, and ſubſtract the Annuity | 
| Rule. < from that Number: (So far the Work is gene- 
ue ral to all Times of Payment.) Then, if the| 
| Remainder (*) be divided by R 1 (viz. by 
the Ratio of the Rate of Tntereſt per Cent.) 
1 the Quotient well ſhew the Sum, or Amount g 
all the Arrears for Yearly Payments. 
| | Example r. and 
FSuppoſe 3561. Annuity, or Yearly Rent, were forborn WM don 
or unpaid nine Years ; what would the Sum of all thoſe N &. 
Arrears amount to at 6 per Cent. &c? mo, Her 


Here is given U=356; 7=9; and R=1,05; to find A 
Thus R=13,06 its Log. is 0.025308 , 
1 Tm. og piiakiph 

"The Product is 0.227754 7 Add 

Again == 356 its Log. is 2.551450 [ ” 

The Sum is the Logarithm 2.774204 of 601,4545 

Ard 601, 4545 —356=245,4545 3 R—1==0,06 

Then 0,06) 245,4545 (4990,91 A= 42590l. 185. 224 

being the Sum of all the Arrears for Yearly Payments. 


Note, the! 


27, 


8. 


Note, the New Diviſor. 
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Note, Here we may obſerve the Difference that is betwixt 
the Arrears compured at Simple Intereſt, and at Com- 


pound Intereſt. i 1 * 

Or, the Amount may be alſo found by Logarithms with- 
ut the laſt Diviſion; for having once form'd the Divi- 
lend, and Diviſor, (as before) then the Difference of 
heir Logarithm will ſhew the Amount. e 


Thus 245,4545 its Log. 2.389972 Sabrac e 

ind R — 1 o, os its Log. 8.78151 . 
There remains the Log. 3.6 11821 of 4090,91 A. 

uud fo on, as before. | 


But if the Payments are to be made at any Time leſs 
than a compleat Year, as 3, 4, +5, Oc. 

CYou muſt take the like part of the aforeſaid Re- 
mainder (*) and make it a new Dividend: 
And you muſt alſo take the ſame part of the 
 Logarithm of R; and the Number anſwering 
Then, & to that part being made leſs by an Unit or 1, 
dell be a new Diviſor (inſtead of R —1) by 
il evhich the new Dividend being divided, the 
. Quotient will ſhew the Sum of all the Arrears 
required. = 
Example 2. In Half-yearly Payments. 


Suppoſe the aforeſaid 3561. per Annum were to be paid 
by Half-yearly Payments, viz. 178 1. every Half-year, 
and it were unpaid nine Tears (as before) what Sum 


i all thoſe Arrears amount to then, at 6 per Cent. 
1 


Here (as bef.) R 1,06 its Log. 0.025306 
: „ And : 2 


* 


Tmulciply 
: .. -> .- "Their Product is. 0.227754 > 
Alſo U/=356 its Logarithm is 2.551450 Add 


The Sum is the Logarithm 2.779204 of 601, 4545 


ind 601, 4545 — 356 =245,4545. So far the Work is 

juit the ſame as before for whole Years: 

| But here the 5 of 245,4545 =122,72725 is the new 

Dividend : 5 . 2 | 5 | 

Next, R = 1,06 the + of its Log. is 0.012653 whoſe 

Number is 1, 029563; and 1,029 563 — 1 =0,929563 fot 
ma — hen 


* 2 „ — " _— Hi te 44 __ * ” > 
722 i — — — ot 4 wah * > I — 
2 — - 2 jo ” 
£ ” = 
* : - — * * =. _ — = o 
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Then 0,029563) 122,72725 (4151,33 . 


That is, 4151 . 75. 74. is now the Amount or Sum of! 
all the Arrears 3 which is 60 /. 95. 444. more than the 


Amount in the laſt Example tor whole yearly Payments, 


Here alſo the Amount may be obtain'd by Logarithms 
without the laſt Diviſion; having once form'd the Ney 
Dividend, and its proper Diviſor as before. 


Thus, 122,727 its Log. is 2.088938 Subſt 
And 0,029553 its Log. is I's 2 _ 
There remains the Log. 3.518190 of 415138 A. 


ri 2. 41571 75. 74. = A, the Amount, Oc. as before. | 


Example 3. In Quarterly Payments. 


Let it be required to find the Amount or Sum of all tl 
Arrears that would be due from 245 l. per Annum, 0 le 
paid by Quarterly Payments (viz. 611. 58. per Quarter) 
Suppoſi 7g T7 to be forborn, or unpaid ten 2 ears and a Half, 


at 5 = per Cent. &c. 


Here i is given R = 1,055 its Log. © 023232 Punn 


And = 1055 


The Product is 0.244146 N agg 
Again U= 245 its Log. is 2 


Their Sum is the Logarith. 2.6333 12 of 42 9,846 


And 429,846 — 245 84, 846 80 far the Work 1 is {till 
the ſame asin the whole Years. 
Hut now it muſt be the 4 of 184,346 =46, 2115 for the 

New Dividend. | 


Next, R=1,955 the # of its Log. is O. 205813 whoſe 
Number is 1.01348 and 1.01 345 - — 1 0.215348 for the 
new Diviſor. | 


Then o. ol 548 46,11 5 (3428,75 = A. 


8 That is, 3428 J. 35. will be the Amount or Sum of all 
thoſe Arrears, as wis required. 


Or the laſt Diviſion may be avoided, and the Amoun 
may be found by the Logarithms : Thus, 


Dividend 46,2115 its Log. 1.664750 
 Diviſor | is 0.01348 its Log. 8. 129690 J 


Jsubſtract | 


There remains its Logar. 3.535060 of 3428.15 — 4 
The 


Vis. 3428 J. 35. is the Amount . as above. 


Ri 
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The ſame may be done for Monthly, Weekly, or Dy 


m of Payments, Care being taken in forming the new Dividend, 
ba nnd Diviſor, according to their reſpective Time. 
bms WM Caſe 2. When A, t, and R, are given; to find U. 


That is, To find what Annuity, or yearly Rent, being for- 
born or unpaid, any aſſigned Time, will amount to a pro- 

ſed Sum, allowing any given Rate of Intereſt per Cent. 
þ every Payment as it becomes due. 5 


Note, T his Caſe, as well as the laſt, admits of ſome Va- 


re, riety in reſpect to the Times of Payment; viz. Whether 


_ muſt be carefully obſerved, as the following Rule 
irefts. Se N 
 C.Multifly the Log. of R (the Amount of 1 I.) with 
| rhe given Time, and the Number anſwering to 
| rheir Product being made | eſs by 1, will b the 
Diviſor, (for all Times of Payment at that 
Rule. Rate of Intereſt.) | 


Ile 
0 be f 
rter) 
half, 


. 


| with R—1, viz. with the Ratio of the given 
Rate: Then divide their Product by the afore- 
of ſaid Diviſer, and the Quotient will ſhew the 


. > Annuity or Rent for Yearly Payments. 
2 ol S =: © 3 
What Annuity, or Yearly Rent, being forborn or unpai d 


e Tears, will amount to (or raiſe a Stock of) 4000 l. 
W's. 22 d. at the Rate of 6 per Cent. for every Payment 
Yo Fa ( ĩĩ 
Here is given A= 4090,91 3 f=9; and R=1,26; 


n 
Y Fit R=1,06 its Log. is 2.025366 EE 
f all e And 7 5 TMultiply 


The Product is the Logar. 0.227754 of 1,8948 
And 1,68948 — 1 = 0,68 948 for the Diviſor. . 
Again A = 4090,91 | 
And R—1= ,o © RES 
The Product is 245,4545 for the Dividend. | 

Then o, 68948) 2454546 (356 = . Ns 

TicY Z _ That 


EMultiply 


they are Yearly, Half-yearly, or Quarterly, &c. the 


Next, Multiply the propoſed Amount or Sum, 
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That is, 356 J. will be the Annuity, or Yearly Rent, 2 
was required to be paid by Yearly Payments. 

Or having found the Diviſor (as above) the reſt of the 
Work may be perform'd by Logarithms only, 


5 Thus, A= 4090,91 its Log. 3.61 1821 40 | 


And R—1 =0,o6 its Log. 8.778151 


| Sum is 2.389972 [8 bſtract 
The Diviſ. is o, 68 948 its Log. 9.838 522 1 
There remains the Logarith. 2.551450 of 356 . 
Viz. 3 56 l. will be the Yearly Annuity, or Rent, Cc. 
But if the Payments are required to be paid either 
 Halk-yearly, or Quarterly, E9c. as in the laſt Caſe : | 
= pinſtead of R—1, you muſt take the reſpectivt 
Part of the Logarithm of R (viz. of the J. 
mount of 1 1.) and with the Number anſererim 
to that Part, being made leſs by 1, multiply] 
the propoſed Amount; then divide that Pri 
aut by the aforeſaid Diviſer, and the Hui. 
tient will ſhew what Annuity or Rent mill! tt 
. aid at the propoſed Time of each Payment. 
Example 2. In Half-yearly Payments. | 
What Annuity, or Rent, to be paid by Half-yearly Pay. 
ments, being forborn or es nine Years, will amoumt t. 
the Sum of 4151 l. 78. 7 d. allowing 6 per Cent. for every 
Payment as it becomes due? ( 
Here is given A= 4151, 8; t=9; and R=1x,cs; 


Then . 


3 55 n 
Firſt R=1,06 its Log. is o. C2 5 306 3 
Shs *. t= 9 Au 


The Product is the Log. O. 2254 of 1, 68948 
And 1,6 8948 — 1 , 68948 for the Diviſor, as before in 
— 5 

But inſtead of the Multiplicator R — 1, it muſt be 
R=1,c5 the Z of its Log. 0,012653 its Numb. is 1,529 56; 
and 1,029563 —I =0,929563 the Multiplicator. 

And it muſt be A=4151,38 

Multiplied with 0,029563 
Ihe Product is 122,72 24 the new Dividend. 


Then 0,6 8948) 122, 72724 (178 =U, viz. 178 J. will be 
the Half-ycarly Payments of the Annuity, or Rent 4 | 


quired, 


Ie, q 


the 


nt th 
every 
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Or having found the Diviſor, and the new Multipli- 


cator uſed inſtead of R —1 ; then the Work may be done 
by the Logarithms, 


Thus, A=4151,38 its Log. 3-618190 Tag 
Multipl. is 0,929563 its Log. 8.470749 

Sum 2.038939 "9B 
Divifor is o, 68948 its Log. is 9.838520 T8ub g 
There remains the Logarith. 2.250419 of 178 =U_ 
Viz. 1781. is the Half-yearly Payments, Cc. as before. 


Example 3. In Quarterly Payments. 
Let it be required to find what Annuity, or Rent to be 


paid by Quarterly Payments, being forborn or unpaid ten 


Tears and a half, would amount to the Sum of 3428 l. 3s. 
it Five and a half per Cent. per Annum, for every Pay- 
ment as it becomes due? 
Here is given A= 3428,15; $ — 3 and R=21,0553 5 
to find U, the Quarterly Payments. 
0 its Log. is 0.0 
= I; Þ A e ia: 


The product is Fa Logar. 0.244146 of 1.75447 
Then 1,95447 —1 =0,75447 the Diviſor. 


Again R = 1,055 the 5 of its Log. is o. 005813. its Num- 
ber is 1,01 348; and 1701348 —I= 0,01 348 the Multipli- 7 
tor. 


F irlt R 


Next A= 3428, 15 
Multiplied with 9,1348 

Produces 46, 21146 the Dividend. 
Then 0% 5447) 46, 1146 (61, 5 = U. 


That is, 61 J. 5 5. will be the Quarterly Rents or Pay- 
nents ; conſequently 61,25 X 4245 . * Annum will 
e the Annuity required. 


Or by Logarithms, "Toy 
A= 3428, 15 its Log. 18 3-535060 ta dd 
And O,OL 348 its Log. is 8.129690 18 


Sum is 1.664750 {Subſtra 


Again 0,75447 its Log, 9.877642 


There remains the Log. 1.787108 of 61,25 =U 
Jig. 611. 55. will be the Annuity, or Rent to be, 


aid 
ery Quarter, Sc. 2 2 The 
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The like may be done in finding the Monthy, Weekly 

or Daily Annuities, care being taken in forming the new 

Multiplicators, and Diviſors proper for the Time given. 
Caſe 3. Having U, A, and R given; to find 7. 

That is, to find the Time in which any propoſed Annuity, 


or Rent, will amount to any aſſign'd Sum, at any given | 


Rate of Intereſt per Cent. &c. 

FMultifly the e Amonnt with R — 1, viz, 
| with the Ratio of the given Rate; and di. 
_ vide that Proadutt by the Annuity, aud to the 


Rule. 5 Quotient add I. Then if the Logarithm of 


that Sum be divided by the Legarithm of R 


| (wiz. the Amount of 1 l.) the Quotient vill 
he do the Time for Yearly Payments. 
3 „ © | 
Tn what time will 3561. Tearly Rent, or Annuity, a 
mount to the Sum of 4090 l. 18s. 25d. at the Rate 
6 per Cent. &c.? 1 
Here is given C= 356; A=4590,91 z and R 1, 06; 
| CY ya to find r. Es 
Thus, A= 4090,91 } 
And : R—1=0,56 © 
5 U==356) 245,4546 (0,65948 
And 0,68948 + x 1, 68948 its Log. is o, 227754 
Then R= 1, os its Log. o, oz 5 306) o, 227754 (9 =r. 
Viz. 9 Years will be the Time required in the Queſtion, 
1 Or otherwiſe by Logarithms, 
1 Thus A = 4090,91 its Log. 1s 3-61 1821 Tad 
And R—1 o, os its Log. 8.718151 FF» 
„„ Sum 2.389972 FJ, 5 
Again, U= 356 its Log. is 2.551450 TSubſtraH 
There remains the Logar. 9.838522 of 0,68948 
And 0,68948 + 1 =1,68948 its Log. o, 227754. Then, 
as before, 1, 6 its Log, 0,02 5306) c,227754 (9 t. 
Visg. 9 Years will be the Time required, if the Pay- 
ments are to be paid but once a Year. 2 
But if they are to be paid either Half-yearly or Quar- 
terly, &c. as before in the two laſt Caſes; LN a | 


ultiply 


Ch. 


The 


en, 
ay- 


ar- 


hen 
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Inſtead of making R — 1 the Multiplicator as 
above, you muſt take ſuch a part of the Loga- 
rithm of R the Amount of 11. as the given 
Time requires; and with its Number made leſs 
Then, & by 1, multiply the propoſed Amorint : Then di- 
wide that Product by the Sum which onght to 
be paid at its reſpective Time, and to that 
| „ N add 1; and ſo proceed as the Rule 
irefts. pr Op 


Example 2. In Half-yearly Payments. 
In what Time will 3561. per Annum amount to the 
Sum of 41511. 78, 7d. of it is to be paid by Half-yearly 


Payments, viz. 178 l. every Half-year ; and to be allow'd 
6 per Cent. &c. for every Payment as it becomes due ? 


Here is given U =1 18, 2g. the 2 of 356, A= 41 51,38 ; 


. 2 | 
and R =1,06 ; to find t, the Number of Years. 


Firſt R=1,06 the + of its Log. is 0.012653, and its 
Number is 1,029563 3 then 1,2956 — 1 2 5029 563 the 
Multi plicator inſtead of R 1. 

And it will be A=4151,38 

Multiplied with 0,29 563 5 
The Product is 122, 72724 for the Dividend. 

Then U=178) 12272724 (O, 68948; to which 

Add 1, and it will be 1, 68948 its Log. is 0.227754 

And R=, os its Log. is o. oz 5306) 0, 227754 (9 =t 
Vis. 9 Years will be the Time ſought. 

Or having once form'd the Multiplicator, then the 
Work may be done by Logarithms, 
Thus A = 4151, 38 its Log. is 3.518 190 Tad 
Multiplic. is 0,029 563 its Log. 8.470749 


Sum 2.088939 

Again U==178 its Log. is 2.250418 ESubſtradh 
There remains the Logarith. 9.838521 of o, 68948. 
And 0,68948 + 1 = 1,68948 its Log. is 0.221754 3 
R= 1, O6; its Log. is 0.025306) 0.227754 ( = t, the 
Number of Years ſought, as before. „ . 
Example 3. In Quarterly Payments. 

In what Time will 2451. per Annum, to be paid Quar- 
rerly (viz. 611. 58. per Quarter) amount to the _ 5 

„„ .3 


for the Value of R, as 30u think will be the Amount 
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34281. 38. allowing 5 + per Cent. for the Forbearance of 


be Payments as they become due? 
Here is given U==61,25 (vis. z of 245 J.) R=1,05;. 
and A = 3428, 15; to find r, the Time. 


Firſt R = T,055 ; the 3 of its Log. is 0.005813 ; its Num. 
ber is 1, or 348; and 101348 — 1 =0,01348 the Multi. 


plicator; and A = 3428, 15 the Multifplicand, 
M ultiplied with c. 01348 . 
Their Product is 46, 21146 the Dividend. 
Then U =178) 46, 21146 (0, 5447 to which 
Add 1, and it is 1, 5447 its Log. is o. 244146: 


Then R =1,055 its Log. 0.023252) 0.244146 (10,5 =t | 


Viz, Ten Years and a half will be the Time required by 
the Queſtion. -.. ED „ . 
lIz!hbe ſame may be found by Logarithms, as in the laſt 

Example. 


Caſe 4. Having U, r, and A, given; to find R. 
That is, If any Annuity, with the Time of its being um 

aid, and the Sum it's propoſed to amount to in that 
Time, are given; thence to find the Rate of Intereſt per 
Cent. that muſt be allow'd for every Payment as it be. 
JJ... ct. %% 8 
The Solution of this Queſtion is more difficult than any 
hitherto has been; and the Equation by which the Value 


2 55 R — Rt, which 


of R muſt be found, is this, 52 = 
is called an Adfected Equation, and requires an Analyti- 


cal Solution to find the Value of R, which cannot other- 


_ wiſe be found by any general Rule, that can be preſcribed 
here, as in the precedent Caſes, but only by approaching 
to it with Trials. And in order to ex that Approxi- 
mation with the leaſt trouble, I ſhall here propoſe the fol- 
_ lowing Method, as the eaſieſt I can at preſent think of, 
Z | Which is thus: 
Firſt, Divide the propoſed Amount, by the Annuity 
and reſerve the Quotient. Next, Subſtraft 1 from that 
Quotient, and call the Remainder x 
"Then you muſt make choice (by gueſs) of ſuch Coverage? 
0 
l, 


I 
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/W 1 the Rate of the Intereſt ſought ; and multiply that 
Number into the reſerved Quotient: Alſo you muſt multi- 
ply the Logarithm of that ſuppoſed Number, with the 
me; and find the Number which belongs to their Pro- 
inf. Then, if the Difference between that Number and 
the aforeſaid Product of R into the reſerved Quotient, be 
equal to (vis. be the ſame with) the Number call d x, you 
have hit upon the true Value of R. But if they are not 
equal, then another Trial muſt be made, &c. as in the fol. 
lowing Examples. . . 88 

Example 1. In Yearly Payments, 

There is an Annuity, or Rent of 356 l. per Annum, 
tunit has been forborn or unpaid nine Tears; and there 
by W is 4090 1. 18s. 2 5d. given for the Amount, or Sum of all 
be Arrears: it's required to find what Rate of Intereſt 
aſt I per Cent. is allow'd for each Payment as it became due? 

Here is given U= 356; ==; and A=4cg0,or ; 

| to find R, the Amount of 11. ag 
Thus 356) 4090,91 (11,49132 the Quotient to be reſerv'd 3 
rom which ſubſtract 1, and it will be 10, 49132; which is 
the Number call'd : And ſo far the Work will always be 
1 certain, it being only that of the firſt Side of the Equa- 
on. | 5 F 
Next, I will ſuppoſe the Value of R to be 1,05 ; and 
ny chen the reſerved Quotient 11,49132 x 1,05 the Product 
lue vill be 12, 065886. „ 
Again, If R=1,05 its Log. 0.02118 . 
ich OI TR 1.05 1282 i {Multiply 

The Product is the Logar. 0.190701 of 1,55132 
Then 12, 065886 — 1,55132 =10,51456 ; Which is more 
than 10,49132 the Number call'd x: Therefore this ſup- 
poſed Value of R = 1,05 is taken too little. 


Again, For a ſecond Trial I will ſuppoſe R= ,o; 
ind then the reſerved Quotient 11,49132 X 1,07 the Pro- 
duct will be 12,29571. e 

And if R 1,0) its Log. is 9.029384 Jag 1 

ee — + = tal TMutriply 5 

The Product is the Logar. 0.264456 of 1,83847 75 
nber Then 12, 29571 — 1,8384 =1c,45724 3 which is leſs than 
% „49 1 32 the Number call'd x; And therefore I Nr 
1 l. £ cludo 


T E — 4. 
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clude the laſt R = 1,07 was taken too big, and that the | 
Value of R is ſome Number between r,o5 and 1,05. 

Let us therefore take R = 1,06 (viz. in the middle he. 

tereen 1,05 and 1,07.) And then the reſerved Quotient 
11,49 132 X 1,06 the Product will be 12,180799. | 
And if R=1,06 its Log. is 0.22 5 306 Multip 
f e 1. ultiply 
The Product is the Logar. 0.227754 of 1,6689479 
Then 12, 18079 — 1, 68947 = 10,49 1323 Which is juſt 
the {ſame with the Number call'd x. ; Pa: = 
Whence I conclude that the true Value of R = 1,06 and (iz. 
1,06 — 1 2 , O6 is the Ratio of the Rate of Intereſt 22 
ſought. 5 rr = or as „ 
Ihen it will be, As f: is to 0,06 :: So is rco : to % 
the Rate of Intereſt per Cent. as was required for Yearly 
Payments. 1 1 
But if the Payments are to be made either Half-yearly = 
or Quarterly, Sc. | : „„ 
CInſtead of multiplying the reſerved Quotient, Fi 
with the ſuppoſed Value of R (as above) you ad + 
I anuſt take ſuch a part of the Log. of that R,. TI 
Then < (viz. of the aflumed Amount of 1 I.) as th: Wis L. 
given Time requires, and with its Number I Mult 
multiply the aforeſaid reſerv'd . Quotient, au An 
-\... thew „/ 5 
Example 2. In Halt-yearly Payments. 

Suppoſe the ſame Annuity of 3 56 l. per Annum ere t! 
be paid Half-yearly (vis. 178 J. every Halt-year) if it bt 
forborn nine Years, aud then amounts to the Sum of 4151 |. 
7s. 7d. What Rate of Intereſt per Cent. is allow'd, &c.? 

_ Here is given U=178 (viz. the Zof 3561.) t =9, and 
 A=4151,3$3 to find R, the Amount of 11. Cc. 
Firſt 178) 4151,38 (23,32236 the reſerv'd Quotient, and 
23,32236 — 1 ==22,32236 the Number caild x. 
So far is the ſame as before in whole Tears. 
| Now here I will aſſume the firſt Value of R = 1,06 
Then if R=1,06 the + of its Log. 0.012653 z and the 
Number to that Half Log. is 1,029563 the Multiplicator iſ 
| inſtead of R=1,06 as before: And then the reſerved 
Quotient 23,32236 & 1,0295663, the Product will be 
24, C 11839. 55 : Se | 


A gain, | 
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he WI Again, If R 1,06 its Log. is 3 
And — 


os | Their Product is the Logar. 0.227754 me 1,689479 


Multiply 


er Cent. as in the laſt Example. 
uſt Example 3. In Quarterly Payments. 


An Annuity of 245 l. per Annum, to be paid Cuarrerly 


ind W (viz. 61 J. 55. every Quarter) is forborn ten Years and a 
lt W V; and then tis ſaid to amount to the Sum of 34281. 
38. it is required to find what Rate of Intereſt per Cent. 

6, Wis allow'd, &c. 


1]. Sc. 


2 Firſt 61,25) 3428,15 (55,96979 the ned Quotient, 
you 2d 55496979 — 1 =54,96979 the Number call'd x. 


RW Then let us here ſuppoſe R =1,55 and then the g of 
te its Log. will be 0.005297. whoſe Number is 1,122) the 


ber aps 2: gar | 
and And the reſerved Quotient 55, 96 979 x I,91227 the Pro- 
duct will be 56,657 54+ 
Again, If R , 05 its Log. is 0.021189 
5 5 1 bk 1992 uu 


21 The Produ&t ; is the Logarith, 0.222484 of 1, 66911 


hen 56,65754 — 1, 66911 = 54,98843 which is a little 
more than 54, 96979 the Number call'd x. Therefore the 
alue of R = 1,05 is taken ſomething too little. 


ind then proceeding on as before, I find the Reſult to be 


he laſt found Number was too much, 
[ ſhall therefore aſſume R = 1,955 5 di. in the middle 
detween 1,05 and 1,06, 


And then if R =1,055 the & of its Log. 0.005813 3 


tot 
_ nd its Number is 1, 01348 for the Multiplicator. 15 
bel Then the reſerved Quotient 5529597 9 X 1,91343 the = 


reduct 18 56, 72426. 
ain AS Again, 


Then 24,011539 — 1,689479 =22,32236 ; Which is juſt 
the ſame with 22, 32236 the Number call'd K. And . 5 | 
fre the true Value of R = 1,06 : And ſo on for the Rato | 


Now here is given radios (viz, the $ of 2451.) - 
rl j=1045 3 5 and A= 3428,15; 3 to find R, the Amount " 


And making a ſecond Trial, by ſuppoſing R = ,; 


about as much leſs than 54,96979 the Number call dx, as 


n 


22. 
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in, If R= its Log. is 0. ne 5 
eee Lo ng Ja 
The Product is the Logarith, 0.244146 of 1,75447q KY 7 


Then 56,72426 — 1,75447= 54,96979 which is exatly i R 
the ſame with the Number call'd x. |  B 
And therefore I conclude that the true Value of W until 
R = 1,055 and 1,055 —1==0,055 the Ratio of the 
Rate. And „„ 1 ol 
Then it will be, as 1: is to 0,055 :: ſo is 100: to 55, 
Vis. Five and a Half is the Rate of Intereſt per Cent. 
per Annum, as was required. 5 FLY = 
What hath been here done by Multiplication, and Divi- 
fion, may, if you pleaſe, be perform'd by Logarithms, as} At 
in the precedent Caſes. 3 8 
As for inſtance in the laſt Example; 17 
Wherein A = 3428, 15 its Log. 3.5 3 5050 duce 
And U==61,25 its Log. is 1.787 195 TSubſtrat | 
The Remainder is the Log. 1.147952 of 55, 9698 
which is here the reſerved Quotient. tl 
And 55,9698 — I = 54,9698 the Number call'd x. A whic 
Then if R=1,055 the 3 of its Log, 0.005813 7 Aaa 1 


the Log. of the reſery'd Quotient 1.747952 
50 The Sum is the Logarithm 1.75376 5 of 56,724; 55 

Again, If R 1055 Its *. Pool 92938 5* C.Multiply the 
The Product is the Logarithm 5.48146 of 1, 54% Nr 


Then 56,243 — 1575447 = 54, 96983 is juſt the ſame 
with the Number call'd ; and therefore, Sc. as above. 


Sect. 3. To find the Preſent Worth of Annuities, Penſions, = 
or Leaſes, &c. at Compound Intereſt. - 


T HE Method of Calculating the preſent Worth of 
Annuities, Cc. is grounded upon a Series of Geome- 
trical Proportionals continually decreafing ; as in the fol- 
lowing Series. In order to that, VF | 
C T denote the Annuity, or Rent. 1 
Le. t the Time of its e 2 . 3 
Ribe of 1.4, 3 Simp - = F 
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And P the Preſent Worth of the Annuity : And is the 
dum of all the Terms in the Series, which will run thus: 
7 TR 7” ey 0 oy 
R RR NR RRR RRR N. Vc. in —= 


R 
Then P — * will be the Sum of all the Antecedents. 
And — 72 will be the Sum of all the Conſequents. 


7 os U 
— Pa. — O — 2. 


And then it will be K NI e 
See the Compendium of Algebra, Chap. s. 
The Product of the Extremes into the Means, will pro- 


duce this 
Theorem, PR. = — —. 
XI 


From this Equation are deduced the following Rules, - - 
which alſo admit of four Caſes. F 


until the laſt Term be 4 


Caſer. Having U, t, and R given; to find P. os 
That is, If any propoſed Annuity, or Yearly Rent, and 
the Time of its Continuance are given; to find the preſent 
Worth of that Annuity, allowing any Rate of Compound 


W tereſt per Ceut. to the Purchaſer, Ec. 


{Multiply the Log. of R (the Amount of x1.) 
| with the given Time, and from the Number 
| _ avhich belongs to that Product, ſubſtract 1: 
I Then multiply the Remainder with the Annui- 
Rule. J 79 and the Product will be a Dividend. 

* } Then multiply the Number which belong d to the 
Frſt Product, with R— 1 (vis. with the Ra- 
tio of the Rate) and make their Product a 
1 Diviſor; the Quotient ariſing from thence will 
C ew the preſent Worth for Tearly Payments. 
| Examples. In Yearly Rents. "IN 

Suppoſe a Leaſe of 250 l. per Annum were 70 be leti for. 
ars; what may the preſent Worth of that Leaſe be, 
arte Rate of 5 per —_ e | _ 

; - "WS > II 
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In this Queſtion there is given U/== 250, t = 2x, and 


R= 1, 5; to find P, the preſent Worth for Yearly | 


Rents. : 

Firſt R = 71,05 its Log. is c. 021189 ? 

i * 7 1 TMultiply 
The Product is the Logar. 0.444969 of 2,7859 


Then 2,859 — 1 =1,7859 3 and 1,7859 * 250==446,4)5 | 


for the Dividend. 


Again R —1-= 0,05 3 and 2,859 x 0,05 — o, 13929 5 for | 


the Diviſor. — 
Then o, 139295) 446,475 (3205, 478 =P. 


That is, 3205 J. 58. will be the preſent Worth of ſuch a 


Leaſe as was required. 


7 


thus: 


Aud: = 2 


— — — 


The Product is O. 444969 Add 
Again U = 250 its Log. 2.397940 5 Is; 


Firſt R=1,05 its Log. is 0.021189 Total: 1 


IT he Sum is the Logarithm 2.842909 of 696, 48; from | 
which ſubſtract the Annuity 250, and there will remain 


446,48 its Logarithm is 2.649802 
The Log, of R mult. with 2, is 0.444969 5 Add 
And R — 1 =0,05 its Log, is 8.69 897 SF 


From the up. Log, take this Log. 9.1 —_—_ . 
There remains the Logarith. 3.505863 of 3205, 5 
That is, 3205 J. 55. will be the preſent Worth required 
by the Queſtion, as before; ſuppoſing the Rents to be 
paid but once a Lear. er 
But if the Payments of the Annuity, or Rents, &. 
are to be made at any Time leſs than a compleat Year, as 
2, , N, c. that is, Half-yearly, or Quarterly, &c. Then 
the Diviſor muſt be otherwiſe form'd than by R — 7. 


(on muſt take ſuch a fart of the Log. R the A. 
mount of 11. as the given Time requires, and 
Thus Y make uſe of the Number anſwering to that Part 
yy made leſs by r, inſtead of R—1 the Kati, 
Ke. as in the following Examples. 


Exam. 


Or the ſame may be otherwiſe perform'd by Logarithms 


id 


for 
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8 
o 


rom | 
lain 


ired 


0 be 
nc. 


„ as 


"hen 


e A. 

aud 
D att, 
atio, 


xam- 


and Annuities, &c. 181 
Example 2. For Halt-yearly Rents. 


Suppoſe the aforeſaid 2501. per Amum avere to be paid 
Half early (viz. 1251. every Half. year) and a Leaſe of 
it were to be lett for 21 Tears; «hat would the preſent 
Worth of that Leaſe be, at the rate of Five per Cent. &c. 


Here is given U 125, 1 = 21, and R =1,053 to find P. 


Firſt R =1,05 its Log. is 0.021189 
And . = 


The product is the Logarith. 0.444969 of 2,7859 
Then 2,7859 — 1 = 178593 and 17/859 & 125 2 223,237 5 | 


for a Dividend. Which is only the Half of the Dividend 
in the laſt Example. 


Next R = 1,05 the g of i its Log. is 0.010594 whoſe Num- 


ber is 1,0247 5 and 1,024) — I 50,0247 to be the Multi- 
plicator inſtead of 5,05 = R - 


That is, 2,7859 X 0,024.7 =0,06981 will be the Diviſor. 


Then 0,05881) 223,2375 (3244,25 =P. 


Vis. 12 3244 1. 5 F. will be now the preſent Worth of 3 
Leaſe, which is more by 39 l. than that | in the laſt Exam- 
ple for Yearly Payments. 


And by the way, Wwe May bere obſerve the great Diffe- = 
rence that is betwixt the preſent Worth of any Aunuuy, 
or Leaſe, &c. computed at Simple Intereſt, and the ſame 
t Compound Intereſt. See 7he Example i in pag. 150. 


The ſame may alſo be performed by Logarithms as in 
the laſt Example, having found the Multiplicator inſtead 
of R- 1, as above. 


= t Lo is 0.021189 
Then R = 1,05 its N ? Jnturipy 


O. 7 
Again 8 125 its Log. is 2.0069 10 Nai 


The Sum is the Logarithm 2.541879 of 348, 24 


From this 348, 24 ſubſtract the Rent 125, and | there 
remains 223,24 its Logarithm is 2.34872 


The Log. of R, multip. with , is o. 2.444969 ** Ad 4 
The new Multip. o, oz4) its Log. 8.392697 
From the up. Log. ſubſt. this Log. 8.837666 

There remains the Logarithm 3.511106 of 3244, 


ch. Js 
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Vie. 32441. 45. is here found to be the preſent Worth, 


which is leſs than that found by the Pen by 15. being but | 


very inconſiderable. 
Example 3. In Quarterly Rents. 


What is 80 1. per Annum, 70 continue 31 Tears and a | 


half, worth in preſent Money, at the Rate of ) per Cent, 
per Annum ; if the Rents ” Faid Ruarterly, 10 18. 20ʃ. 
every Quarter of a Year ?) 


In this Queſtion U= 20, ?= 31,5 and R = 1,07 ; 
* to find P, as before. es 


Firſt R=1, its Log. 1 0.02938 
1 I 07 3 = 1 5 done, 


8 The Product i is the 1 0.925596 of 8,4255 | 
And 8,4255 — 12 7,4255 and 754255 X 20 48, 51 for 


the Dividend. 
Again R=1,07 the 4 of its Log. is o. 007346 whoſc 
Number is 1,51706 3 and 1,otj06 — 1 =0,01706. 


Next 8,4255 X o, oi 05 = 43739 the Diviſor. 
Then o, 143739) 148, 510000 (1033, 185 =P. 


That is 1033 l. 3 5. 824. will be the * Worth as was 


required. 


Or having hind the Multiplicator C,91706, as above; ; 
then the reſt of the Work may be perform'd by Loga- 


rithms, 


Thus, R = 1,07 its Log. is © 029584 Ttuteply 


And = 31,5 


0.925596 NA 


Again, U==20 its Log. is 1.301030 
The Sum is the Logarith. 2.226626 of 168,51 


From this 168 ,51 ſubſtract the Quarterly Rent 20, 
remains 148,51 its Log. is n 


Log. of R multiplied with 7 is 0.925596 Ad * 
The Multiplic. 0,01706 its Log. 8. ar 


3 From 1ft Log. ſubſtr. this Log. 9. 157575 


There remains the Logarith. 3.014181 of 1033, 18 


Viz. 1033 l. 35. 74. is the profem Worth found by the 
Logarichms. 


Cap 


8 
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Caſe 2. When P, t, and R, are given; to find L. 


That is, To find what Annuity, or Leaſe, Sc. may be 
8 for any propoſed Sum ; to continue any aſſign d 


ime, at any given Rate of Intereſt. 


Firſt, Multiply the Logarithm of R with the 
| Time, and find the Number which belongs to 


the Product, and call that Number x, (as in 
the laſt Section.) | . 


' Again, Multiply the ſame Log. of R with the 


Lime more 1, and find the Number which be- 
: longs to that Product. Then multiply rhe Dif- 
Rule. < ference of thoſe two Numbers with the propoſed 

| preſent Worth, and their Product will be a 
| Dividend. | 3 
And the firſt Number called x, being made leſs by 
„ will be the Diviſor ; by which if the afore- 
| ſaid Dividend be divided, the Quotient will 


' 
| 


—_—_ 
Example 1. For Yearly Rents. 


3 


What Annuity, or Yearly Rent, to continue twenty-one 
Years, may be purchaſed for 32051. 58. at the Rate of 


Five per Cent. per Annum? 
Here is given P =3205,25, t=21, and, R=1,05 5 
1 8 to find U. 
Firſt R =1,05 its Log. is 0.021189 Jas .... 
35 5 b 1 ST EMultiply 
The Product is the Log. 0.444969 of 2,859 call'd x. 
Again, R=1,05 its Log. is 0.021189 Xs 
, 1 And re 4 2 -Multiply 
Their Product is the Logar. 0.466158 of 2,92 52 
Then 2,92 52 — 2,7859 = 0,13 93 the Multiplicator. 


Text, P = 3205, 25 X 0,1393 gives 446, 4913 for the 
Dividend. „ dias ro 1 5 Ze 


And the Number call'd x 2,7859 —1=1,7859 is the 


Diviſor. 


quired, for Yearly Payment. 355 
Or having once found the two firſt Numbers, and by 
them form'd the Multiplicator and Diviſor, as above, the 
, Multi- 


Then 17,7859) 44,4913 (2 50 J. the Annuity re- 


ſew the Annuity required for Tearly Pay- 


— 
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; Multiplication and Diviſion may be perform'd by Loga- | 
rithms, : 


Thus, P= : ts Lo 0586 
us 3205,25 its g. 3-505 „ N00 


134, 


Multiplic. 0.1393 its Log. 9.143951 


Sum 2.649812 
The Diviſ. 185 its Log. Os £51857 OSubſirat | 


Remains the Logarithm 2.397955 of 250=U. 


Viz. 2501. will be the Yearly Annuity, as before : But 
this Caſe is more univerſally reſol ved by the following | 


Rule. 
FT Firſt, Multiply the Log. of R the Amount of 1 1, 


——— —— 


fore.) 7 


Next, Multiply the tropoſed preſent W orth with ö 
— 1, viz. with the Ratio of the given Rate, 
and multiply their Product with the firſt Num- 


ber, called x. 


Rule 2. ö 
5 Then divide the laſt Product by the Number | 
called x, made leſs by 1, and the Quotient will © 
ſew the Annuity, or Rent for re early Tay 


ments, (as betore.) 


As for inſtance in the laſt Example, wherein P=3: 20 5,2) | 


1 all, and R = 1,05; to find C. 


Then R = 05 its L g 8 
e 1,05 its „ 97 Multiply 


The Product is the Log. C. 444969 of 2,78 59 calbd x. 


Next, R—1=0,05 ; and P=3205,25 X 0, 5 160, 2625 


Again, 160, 2635 X 27859 = 446,753 the Dividend, 
And 2,859 —1==1,7859 for the Diviſor. 


Then 1,7859) 446,753 (2 * the Annuity, oy 


Rent for Yearly Payments. 
The ſame may be perform'd by Logarithms. 


Thus, If R==1,05, and 21; then 2 7859 cho | 


| Number call'd » will be found as before. 

And it P = 320525 its Log. is 4.505861 
R—1=0,95 its Log. is 8.698970 >Add 

4 Numb. call'd x 2,78 59 its Log. is 0.444969 Y - 


Sum. 727925 


1 bw remains the 3 2. 397943 of 250 4 


at 


evith the Time, and find the Number <ehich © 
belongs 70 that Product, which call x, uy be- 


2 6 


1 8 


25 


be 


1at 


- 
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That is, 2 5ol. will be the Rent for Yearly Payments, (as 
before.) 


But if the Annuity, or Rent, Sc. is to be pda either 


Hal early, or Quarterly, &c. 
Inſtead of multiplying the propoſed preſent Worth 
of the Annmty, with R — 1 (viz. with the 
Ratio of the Rate, as in Rule 2.) you muſt 
take ſuch a Part of the Log. of R, 4s the Time 
requires (vis. the +, the 4, or 22, &c.) and 
its Number made leſs by 1, muſt be the Multi- 
plicator; and then proceea by Rule 2. as in 
the follo: wing Examples. | 


Then, 


Example 2. In Half. yearly Payments. 


What Annuity, or Rent, to be paid every Half. Year, 
and to continue 21 Tears, may be purchaſed for the Sum of 


32441. 58. at the Rate of 5 per Cent. per Annum ? 


In this Queſtion there is given P=3244,:5, — 21, 
and R = 1,95 ; to find U, the Halt-yearly Rent. 


Thus R =1,95 its Log. ©. 1 L CMulriply 


Aae 
The product 3 is the Log. ©. ru of 2 ,*$59 call'd x. 


Then 2 „5859 — 1 = 1,7 $59 the Diviſor. 
&0 far the Mork is the ſame as ſor Yearly 1 


Next, R = 1,05 the + of its Log. is 0.010594 whoſe 
Number is 1,0247; and 1 1, 24) —I=0,0247 the Multi- 
plicator inſtead of 0,05 =R — 1. 


Then P = 5244,25 X 0, 247 the product iS 80, 32; and 
$0,1 3 3X 2,7859 the Number call'd x, the Product is 


2352432 for the Dividend. 
Then x — 1 1,7859) 223,24 32 (125 . 


That is, 125 J. will be the Halt-yearly Annuity , or Re t, 
as was 2 as by the Queſtion. d ” 


' Or having once found the Number call'd x, and wh 
from it for the Diviſor; and the Multiplicator uſed in- 
ſtead of R —1, as before: then the Multiplication and 
Divifion may be perform'd by Logarithms, thus: 


Bb Ra 1,05: 
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R= 1,05 its Log, x with f is 0.444969 
And P=3244,25 its Log. is 3.5 IIIA Add 


Multiplicator o, 24) its Log. is 8.39269 


þ Sum 2.348780 78. 
The Diviſ. is 1,7859 its Log. is 0.251857 {Subſtrag 


There remains the Logarith. 2,096923 of 125 =U. 


Example 3. In Quarterly Payments. 


What Annuity, or Rent, to be paid every Quarter of | 
Tear, and to continue 31 Tears and a half, may be pur- ? 
chaſed for 10331. 3 8. 8d. at the Rate of 7 per Cent. per 


Annum ? 


Here is given P=1033,185 3 ?=31,5; and R=1,07; 


to find U, the Quarterly Payments. 


Firſt R=1,07 its Log. is c. 929384 3 
+=; „ 51.5 {Multiply 


The Product is the Log. c.y25596 of 8, 4255 call'd x. 


And 8, 4255 —1=7,4255 for the Diviſor. 


Again, R=1,07 the 4 of its Log. is 0.007346 whoſe | 
Number is 1,01706; and 1, 106 — 1 =0,017c6 for the 


 Multiplicator, inſtead of 0,05 = R — 1. 


And 17,6261 & 8,4255 the Number call'd x, the Product | 


will be 148, 5087 the Dividend. 


Then 5, 42 55) 148,5087 (20 z; that is 201. will be the 


Quarterly Annuity, or Rent, as was required. 


The ſame may be found by Logarithms, as in the laſt ; 
Example of Half. ycarly Rents ; which I ſuppoſe is need- 


leſs to be ſet down, 


| Caſe z. When U, P, and R are given ; to find 7. 


That is, When any Annuity, with its propoſed Value or | 
Purchaſe, and the Rate of Intereſt per Cent. &c. are 
given; thence to find how long the Purchaſer ought to 


enjoy it. „ 
So Rule. 


Fit, Multiply the propoſed Value or preſent Worth of 
he Anmuty, «with R— 1, (viz. with the Ratio of the 
given Rate of Intereſt) and ſubſtraft the Product from 

07 


Next, . 


_. #he Annuity, the Remainder will be the Diviſor. 
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Next, Divide the Annuity by that Diviſor, and find 
the Log. of the Quotient ; then f that Log. be divided by 


the Log. of R, the Amount of 11. the Quotient will eco 


3 | the Tame, for 7 early Payments. 
7 Example 1. For Yearly Rents. 
"gn 32051. 58. were lent upon an Annuity of 250 l. 


allowing tbe Creditor 5 per Cent. per Annum? 


= = 5 i and 25 7 1,05; to find z, 

; R 1 : 10 {Multiply 
And U=250 — 160,2625 leaves 89,7375 the Divifor. 
Text, 89,7375) 2 50,0000 (2,7859 whoſe LORE 19 
1.444969. 
Jr. Then R=1,05 its Log. is 0.021189) 0.444969 (21 2 t. 
That is 21 Years is the Time required in the Queſtion. 


If P =3205,25 its Log. is 3.505863 Dad 

And R 1 =0,05 its Log. 8.6989 70 j 

The Sum is the Logarith. 204833 of 160, 2623 
Next, If U= 250 its Log. is 2.397940 

FFC 

R=1,c5 its Log. is O o2 1189) o. 5.444968 (21 =7. 

lat J Vis. 21 Years is the Time, if the Payments are Yearly. 


»ed- But if the Annuity, or Rent, is to be paid, either by 


Half-yearly or Quarterly Payments, Sc. 


{ Taſtes of multiplying the propoſed preſent Worth 
F the Annuity with R —1 (as before) o 
of | muſt rake ſuch a part of the Logar. of R the 


Number anſ'rering to that part, being made 


are Y Then < A222nt of 11. as the Time requires, and the 

R | leſs by r, will be the Multiplicator; and then 
I J may proceedon as before, according to the 

e ENale. 

the 6 Example 2. For Half yearly Rents. 


ron Admit a Man ſhould give 32441. 5 8. for an Annuity, 


or clear Rent of 250 l. per Annum, 70 be * Hal. ear, 


ext, ö B b 2 (vis Se 


5 : per Annum, in what Time would it pay off that Debt, 


of 7 | In this Queſtion there is given P = 3205 25; ; U= 2505 


The ſame may be perform'd by Logarithms, thus : 
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(vis. 125 1. every Half-year ;) how long muſt be enjoy that 
Annuity, to be allow'd free per Cent. &c. 


Here is given U=125, P = 3244,25 , and RD 1,05 ; | 


to find 7, the Time or Number of Years. 


Firſt R = = 1,05 the x T of its Log. 1 IS 0.010594 whoſe Num- j 
ber is 1,0247 3 and 1,0247 — 1 = 0,024.7 the Multiplica- 


tor inſtead of 0,5 * 
Then = 3244, 5 X O, 0247 80, 1329. 


And U= 125 — 80, 1329 leaves 44,8671 the Diviſ. E 
Next 44,8671) 125, 000 (2,786 whoſe Logarithm 1s 
0,5444981 for the Dividend. : 
Then R=1,05 its Log. is ©. 021189) 0. 444981 (21 =7 


That is, 21 Years is the Time that i is required in the Que- 4 


tion, 
The ſame perform'd by Logarithms : 


3 


8 


* R=1,05 then the + of its Log. o. 0105 94, 
whoſe Number is 1, 024); and 1,0247 —I =0,0247 the 


Multiplicator inſtcad of R- 1, as before. 
Then Pn 3244, 25 its Log. is 3.511114 wer 
The Multiplic. 0,0247 its Log. 8.392697 
Their Sum is the Logarithm 1.) 903811 of 80, 133 
„ Next, ii Logar. is 2.996910 TSubtr 


And 125 — 85 „133 = 44,867 its Log. 1. 651 92 


Then R = 1,95 its Log. is c.o21189) c. ©-444983 2 =. 


Vis. 21 Years, Oc. as before. 


Example 3. In Quarterly Payments. 


Suppoſe one ſhould give 1033 l. 3 8. 8d. for an Anmuity | 


_ of 80 l. per Annum, 0 be paid Guarterly, (viz. to have 


20 l. every Quarter of a Lear; ) how long may he enjoy it, 


to be allow'd Seven per Cent. per Annum? 


In this Queſtion there is given U=20,, P=1033,185, | 
and'R =1,07 ; to find 7, the Time or Number of Years. ; 


Thus, RD, o) the 3 of its Log. is 0.997346 whoſe Num- ö 
ber is 1, 01706; and 1,01706 — 1 =0,c1706 for the Mul- 1 


tiplicator, to be uſed inſtead of Oo, =R— 1. 


Then P=1033,185 X c, 170 =17,6261 5 which being N 
| taken from U = 205 leaves 2 2,37 39 the Diviſor. 4 


Then 2.3739) 20, (3425 its Log-- © 925570. 


% 1 
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: A Laſtly, - RI, o) its Log. 0.029384) 0.925570 (31,5 — . 
Viz. the Time required will be 31 Years and a half. 
Which may alſo be found by Logarithms, 
I Thus, If R=, o) the 3 of its Log. is 0.007346, whoſe 
1. | Number is 1,01706 ; and 1,106 — 1. 
a. Leaves 001706 for the Multiplicator uſed inſtead of | 
8 R [. ED _ | | | | 
Then == 1033, 185 its Log. is 3-014181 Naa 
Multiplicator o, 1706 its Log. 8.231979 8 
I Their Sum is the Logarithm 1.246160 of 176262 
And if V= ac, then 20 — 17,6262 = 2,3738 the Diviſor. 
t Again, U=20 its Logar. is 1.301030 7.1 
ie. Diviſor 2,3738 its Logarithm is 0.375444 (Subſtradh 
| R =1,07 its Log. is 0.029384) 0.925586 (31,5 t, &c. 


4 e De 8 Ae ue oh 
SEES Ee nettstr7et 


4 | Caſe 4. By having U, r, and P, given; to find R. 
he That is, When any Annuity, or Rent per Annum, with 
JI the: Time of its Continuance, and its propoſed preſent 
Worth for that 'Time are given ; thence to find what Rate 
of Intereſt per Cent. &c. is allow'd the Purchaſer. 
This Caſe is ſo difficult, that the Ingenious Michael 
Dary, in his Treatiſe of Intereſt epitomiz'd, pag. 7. ſets 
it down as very troubleſome to be reſolved, in regard 
I (ſays he) that K (the thing ſought) cannot be brought to 
- ;, one Side of the Equation ſolely, and the other Side clear. 
I But I rather think that the true Cauſe which rendred a 
erfect Solution of this Caſe ſo troubleſome to him (or in- 
I 4eed impoſſible at that time) was becauſe the reſolving of 
tity - ſuch high Equations as this Caſe requires, was not in his þ 
ave Time ſo well known as now it is. : | 
nit, I For the Equation, by which the true Value of R may 
I be found, is this; - NN 


)) Wo co 4 
185, 2 , — — — t . . 
1 Vix. 5 & Rt + Rt—R 


um- Which I reduce to the following Equation, as being much 
Mul- better for our preſent Purpoſe 3 3 e 
1 Vis. U=URt — PR R—r. 


cing Either of theſe Equations is more AdfeRed than that 
in bag. 174. and requires an Algebraical Solution to diſco- 
ver the true Value of R; and can be no otherwiſe found 

ſtly, 8 Nö here, 


* mn 
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here, but only by the ſame manner of Approachment, as f 

. | . 7 a 
before in the fourth Caſe of the laſt Section: However, in 
order to render that Approximation as eaſy and ſhort as 
poſſibly I can, obſerve the following Directions. : 


JViz. 


Firſt, Aſſume ſuch a Number for the Value of R, as you 
gueſs may be the Amount of 11. at the Rate 1 Intereſt © 
required (as before in Pag. 144). Then multiply the Log. 
of that ſuppoſed R with the Time, and find the Number 
evhich belongs to that Product, and multiply it with the © 
Annuity : Call the Product 2. 7 
Next, Multiply the ſame Number with the propoſed 
preſent Worth, and multiply their Product with R- 1, 


(viz. with the Ratio of the ſuppoſed Rate.) 


Then ſubſtract the laſt Product from the Product call d : 


z. Tf the Kemainder be equal to (viz. be the ſame with) 
the Annuity, you have hit right upon the true Value of R: 


But iF it be leſs than the Annuity, then is the Number of 
R taken too big: And on the contrary, if it be more than 
the Annuity, that R 1s too little ; and another Tryal muſt 
be made accordingly. N Doi 


| Example 1. In Yearly Rents. 
Suppoſe there were paid 32051. 5 8. for an Annuity, or 


à Leaſe of 2 50 l. per Annum, 70 continue 21 Tears; what © 
Rate of Intereſt per Cent. &c. is allow'd to rhe Purchaſer? | 
In this Queſtion there is given U=250, 7= 21, and 


P=32c5,25 ; to find R, the Amount of x /. 


Firſt, Iwill ſuppoſe R to be 1,06; that is, © 3 f 
of 1 J. at the Rate of 6 per Cent. | 
55 Then if RI, os its Log. is 0.025306 Thlultiply 


And 21 


The Product 18 the Logarith. 0.531426 of 3,3996 = f 
Then U=250 X 3, 3996 the Product is 849,9 which is 
the Number call'd 3. FF ouinlh 
Text, P = 3205, 5 & 3, 3995 the Product is 10896, 56 
And 10896, 5679 X 0,26 (viz. with R- 1) the Product 
will be 653,941. Then if this Number be ſubſtracted } 
from 849,9 the Number call'd 2, there will remain 
196, 1059 Which is leſs than 255 the Annuity: And there- 


fore I conclude that the ſuppoſed R = 1, O6 is too big. 


| Again, 
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Again, For a ſecond Tryal, I will ſuppoſe R =1,05 
Then if R= 1, o5 irs Log. is 6.021189 Muldok. - 
« | And ; = 21 5 —— 
Ihe Product will be the Log. 5.444969 of 2. 78 59 
1 And 250 Xx 2,859 = 696,475 the Number call'd 2. 
* Next 3205,25X 28 59 = 8$929,5 , which bein i. 
ſt | pled with 5,95 =R— 1, the Produdt is eee 
. Then 2, 696,475 — 446,475 250, 00; which is the 
very fame with the Annuity: Whence I conclude that the 


EAI 2 D 
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Je true Value of Ris 1,05; and R—1=0,5; will b 
7 Ratio of the Rate of Intereſt ſought. 55 mT 125 
0 Then it will be, As 1: is to o, o5 :: ſo is 100: to 5, the 
I, | I Rate of Intereſt per Cent. as was required for Yearly Pay- 
% mes. | 4 „ 99 
F Nou theſe Trials for finding the true Value of R may 
1 be perform'd by Logarithms with a very little trouble 2 As 


of I for inftance, in this laſt Example, 1 
1 Wherein U=250, P= 3203, 25, and nf; to find R. 
it {| Suppoſe R =1,06 its Log. is o. 02 53060 , 
re K es in Lay s 0025398 Nude, 

5 = Sum 0.531426 „ 
Next U= 250, its Log. is 2257245 Add 
„ I The Sum is the Logarithm 2.929366 of $49,9 th 
1 Number call'd 2. „ : 3 5 0 
d | Again, R =1,05 its Log. x with 7, 5 89 58 


And = 320525 its Log. is f. 505 863 C Add 
X- IS, s its Log. is 8.7781 FI 
1. I be Sum is the Logarith. 2. 81 5440 of 653,79 _ 
Then z, 849,9 — 653,0 =196,11 which is leſs than 230 
che Annuity : whence it appears that R 1, O6 is too big. 


21y. Let R=1,05 its Log. 0.021189 — 
8 Z 21 Etriply 


is | | 

= Sum 0.444969 Add 
% Next, U = 250 its Log. 2.397940 
ut | The Sum is the Logar. 2.842909 of 696, 48 call'd 8. 
ted [ Again, P=3205,25 its Log. is 5.505863 G 


ain ; R = 1,05 its Log. X with t, is 0.444969 CAdd 
re- And R—1==0,05 its Log. is 8.698970 5 
Their Sum is the Logarithm 2.649802 of 446,48 

| _ 'Then 


ain, ; 


—— 


: 

*Y 
1 

> ts 
' 

i} 
| 
"- 
: 
| 
[ 


192 Of Compound Intereſt ü 
Then 2, 696, 48 — 445,48 = 250, which is juſt the ſame © 
with the Annuity ; therefore the true Value of R is 1,0; © 
Sc. 48 before . | | | Fo 
But if the Annuity, or Rent, is to be paid either Half. 
yearly, or Quarterly, Sc. i 
Taſtead of multiplying with R— 1, viz. with 
the Ratio of the ſuppoſed Rate of Intereſt (as 
above) you muſt take ſuch a part of the Lag. 
of R (the aſſumed Amount of x/.) as the © 
Time requires, and make its Number the Mul- 
- tiplicator, &c. as in the following Examples. 


FPxample 2. In Halt-yearly Payments. 4 
 Aamit 3244 1. 5 8. were given for an Annuity, or Leaſe 
of 2501. per Annum, to be paid Half-yearly, (vis. 1251. | 
every Halt-year) and to continue 21 Tears ; what Rate of © 
Intereſt per Cent. is allow'd the Purchaſer? 9 


In this Example there is given U=125, r 21, and 2 
P= 3244,25 ; to find R, the Amount of il, 
V lat, 


nd ti 1 


Then, <\ 


Their Product is the Logarith. 0.531426 of 3,3995 
Then U=2125 & 3, 3996 the Product is 424,95 call'd . 
Next, P = 3244, 25 X 3, 3995 the Product is 11029, 523 
Again, If RI, os the 2 of its Log. is 0.912653 whoſe 
Number is 1, 02956; and 1, 02956 — 1 S, 02956 the 
Multiplicator inſtead of o, G =R — 1. „%%% 
Then 11029, 152; X 0,2956 =326,0217 Which being 
ſubſtracted from 424,95 call'd 2, there will remain 98,9283 
which is leſs than 125 the Half ycarly Annuity ; whence | 
I conclude that the ſuppoſed R = 1,c6 is taken too big. 
And therefore for a ſecond Tryal I will ſuppoſe R= o,; 
and proceed by Logarithms on) 1 
Then if R=1,05 its Log. O. 021189 3 
Then if R 5 And 5 {Multiply 
. Sum „„ IF «2 2- 
Next, U=125 its Log. is 2.096910 Add 1 
541879 of 348, 24 call'd 2. 


Their Sum is the Logar. | 
Again, if R=1,05 the z of its Log. is 0.010594, whole | 
Number is 1,0247 — 1, leaves 0,0247 the Multiplicator. 


Then | 


5 


— 1. . Y Aſt. 
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Then P= 3244, 25 its Log. is 3.511114 
And R =1,05 its Log. x with 7, is c. 44499 Add 
Multiplicator o, 24) its Log. is 8.392697 
Their Sum is the Logarith, 2.348589 of 223,24 

Then 2, 348,24 — 223,24 = 125 which is the very ſame 
with 125 the Half-yearly Annuity ; and therefore I con- 
clude that R =1,05 and R —1 =0,05 is the Ratio of 
the Rate of Intereſt ſought. 5 | 
Conſequently, as 1: is to 0,05 :: ſo is 100: to 5, the true 
Rate ot Intereſt per Cent. &c. a 

I ſhall cloſe up this Caſe with an Example of finding the 
Rate of Intereſt, that is allow'd to the Purchaſers of the 


Parliamentary Annuities, and reſolve it by Logarithms 


only. vn 
hy Example 3. Of Quarterly Payments. 
There is 1600 l. paid for an Annuity of 100 1. per Ann. 
to continue 99 Years, and to be paid Quarterly, viz. 251. 
every Quarter of a Year during that Time: Tis required 
to find what Rate of Intereſt per Cent. is allow'd the Pur- 
In this Queſtion there is given U=25, 7 = 99, and 


P= 1600 z to find R, &. 
Firſt, I will here ſuppoſe the Rate of Intereſt ſought to 
be 6 per Cent. for the Reaſons mention'd in pag. 159. 

Then if R = 1,06 its Log. 0.025306 

| And 22 55 CMaltiply 

The Product is 2. 50 5294 4 

Next, U ==25 its Log. is 1.397940 5 MW 
The Sum is the Logarith. 8002, 6 of 3.903234 called 2. 
Again, if R = 1,26 the of its Log. is 0.006326, whoſe 
Number is 1,01467 leſs 1, leaves 0.91467 th: Multipli- 
Z ̃ ͤ 192 ' 
Then ÞP = 1600 its Log. is rho | 


The Log. of R multipl. with 7 2.595294 d 
Multiplicator 0.01467 its Log. 8.166429} r. 
Their Sum is the Logarith. 3.875844 of 7513, 
Which being taken from 8902, 6 , leaves 48,1 ; which 
is more than 25 = U; and therefore the Value of R is 
taken too little. „„ Th . 
. Cc „ 
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And for a ſecond Trial I do aſſume R = 1,064 
Then if R =1,064 its Log. 0.026 55 T Multiply 


And r= 
The Product is 2. 57 Add 
Next, U=25 its Log. is 1.39794 
The Sum is the Logarith. 4.065148 of 11619,3 =2, 


Again, the 4 of the Log. of R is 0.906735 its Number 
Is 1,01563 and 1,o1563— I =C-01563 the Multipli- 
cator. 

Then P = 1600 its Log. 3-204120 

Log. of R Xx with r, is 2.667258 Add 


Multiplic. o. 21563 its Log. 8.193959 
Their Sum is the Logar. 4.065337 of 11623, 5; which | 


is more than 11619,$=2z; and therefore the Value of | 
this R=1,064 is ſome ſmall matter too big: conſequent- N 
ly R is ſome Nnmber between 1,06 and 1,064 3 and is but 


a very little leſs than 1, 64. 
Let R=1,0655 its Log. o. 26865 
N e 1 


Product 291 Add 
: Next, n; its Log. is 1.397949 


The Sum is the 1 4. 1.057080 of 1 1414,6= =2. 


Again, R=1,-6;8 the + of its Log. is 0.006715 3 whoſe : 


Number is 1,01558 leſs 1 is , 01 558 the Mulziplicator, 
Then P=16c0 its Log. is 3. 204 120 
Log. of R multiplied with 1 2.659140 Add 


Multiplicat. o, 1558 its Log. 8. 192567 
The Sum is the Logarithm 4.055827 of 1137, 


Then the Number call'd S, VIS. 11414,6— 11 $71.90 = 37,6 
which is now a ſmall matter more than 25 =U. 


Conſequently R = 1,06 38 is a very ſmall matter too 1 N 
which I judge mult be betwixt 1,0638 and 1,0639; and 
accordingly I make one other Trial with aſſuming the Va- 


lue of e = 1,638 55, and find it pretty rear the Truth. 
Conſequentiy R —1 =0,063855 the Ratio of the Rate. 
And then it will be, As 1 : C, 063855 :: 100: 6,3855 


That is, 5 J. 75. 8 2 4 will be very near the true Rate of 


_ Intereſt fer Cent. as was required. 


And fora Confirmation of the Truth A a Jet us take | 
it for granted that R = 1,0638 55, as above; and let there 
be 
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the Multiplicator inſtead of o, o6 3855 = R—1. 
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be given the Quarterly Annuity, or U= 251. the Time, 
or f =99 Years; to find P, the preſent Worth (per Caſe 1.) 
which we already know mult be 1600 J. if the Value of 
R be truly found, Then, 9 8 : 
If R = 1,063855 its 14S; 4 22260 Cntultiply 
Their Product is 2.661318 ) 444 
Next, U 25 its Log. is 257545 Pd wy 
The Sum is the Logarith. 4.059258 of 11451,94 . 
From this 11461,94 ſubſtrat the Quarterly Rent 25. 


there remains 11436, 94 the Dividenlc. 5 
Again, R=, 63855 the 4 of its Log. is 0.206720 3 
whoſe Number is 1,1 5592 and 1015592 —I 2 0.015592 


The Dividend 11436, 94 its Log. is 4.558312 
Log, of R multiplied with t, is 2.651318 5 Add 
Multi plicator o, or 5 592 its Log. is 6.192902 J - 
From the upper Log. ſubſtraQ this Log. 0.854220 Sum. 
There remains the Logarith 3.204292 of 
5 = 22. (15999 =P. 
That is, the preſent Worth thus found is r 599 J. 18 5. which 
wants but 2 f. of 1600 J. the true preſent Worth. Whence 
we may be aflured, that the Value of R, and conſequently 
the Rate of Intereſt per Cent. found as above, is very near 
the Truth, for Quarterly Payments. But ſuppoſing thoſe 
Annuities were to be paid bur once a Year, {0m the Rate 
of Intereſt will be only 6 J. 55. Hr Cent. or wy near it, as 
may be eaſily tried, either by finding the preſent Worth, 
as in Example 1. pag. 180. or by finding the Annuity, as 
in Example 1. pag. 184, Kc. Co oe 
Thus you have a full Solution at large to the eight Ca- 
ſes, which include all the Varieties that can be propoſed, 
either relating to the Arrears, or about the purchaſing of 
Annuities, and the taking of ſuch Leaſes as are cither in 


preſent Poſſeſſion when the Contract is made, or are to be 


immediately enter'd upon. But for ſuch Queitions, as re- 
late to Annuities, and taking ſuch Leaſes, Ec. as are in 
Reverſion, they require a further Confideration, 


1 5 ect. 
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Sect. 4. To find the Preſent Worth of Annuities, or Leaſes, 
| &c. in Reverſion at Compound Intereſt. 


1 Have already touch'd upon this Part of the Work, pag. 


156, &c. as it may be perform'd at Simple Tureref 3 | 


but ſha!l here handle it more fully in all its uſeful Caſes. 

For altho' they only depend upon the due Application of 
the Rules already laid down ; yet it will be convenient to 

ſhew how thoſe Rules are to be truly applied, according 
as the particular Caſes require. 5 


Caſe 1. When the Annuity, or Yearly Rent, with the 
Time of its Continuance in Poſſeſſion, and the Time of 
the Reverſion, (viz. the Time it's not to be in Poſſeſſion) are 
given; to find ics preſent Worth, at any aſſign'd Rate of 
Intereſt per Cent. 3 

The Solution of this Caſe requires two diſtinct Opera- 


tions, which mult be thus perform d. 


Find the Value or Preſent Worth of the propoſed 
Firſt 4 Annuity, or Rent, fer the given Time of its 


. 


Continuance, as if it were immediately to le 


entered upon. 


a 


Find «hat Principal, or Sum, being forborn at 


3 Intereſt, during the Time of the Reverſion, 
Then < world amount to, or raiſe the aforeſaid Value; 
| and that Principal will be the Preſent Worth | 


of the propoſed Annuity, &c. in Reverſion. 
Example in Yearly Rents. 


T here is the Reverſion of a Leaſe of 1751. per Annum, | 
to be lett for eleven Years, Which are not to commence until | 
ger nine Years are expired ; 'tis required to find the | 

Preſent Worth of that Leaſe, allowing the Rate of Six | 


Per Cent. Intereſt to the Purchaſer. 
; Or thus: 


There is one has nine Tears to come in a Leaſe of 175 l. 
per Annum, and he's aefirous to enlarge his Time eleven | 
Nears more (vis. to enjoy his Leaſe twenty Years yet to 


come ;) what $112 muſt he give in ready Money for that 


Purchaſe, to be allow'd the Rate of 6 yer Cent, &c. 


In 


- ., © N : 1. 
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In the firſt Work of this Example there is 1 z. 1 
i, and R=1,06 3 to find P, the Preſent Worth, as 41 
1 wg I 0. „ PPE J 
Thus R S, os its Log. is 0.025306 . 1 

. z TIE . * f= 11 TMuliply L 
5 . 1 The Product is o. 278366 aa: of 
AgainU = 175 its Log. is 2.243038 777 "I 


f I The Sum is the Logarithm 2.521424 of 332, 203 
3 Then from 332,203 ſubſtract the Rent 175, and there 
> || remains 157,203 its Log. is 2.196459 „ 

The firſt Log. x with 7=11 is 0.278366 

nd R I =0,06 its Log. is 8.778151 
From up. Log. ſubſt. this Log. 9.056 517 3 
There remains the Logar. 3.139942 of 1380, 2 =D, the 
I Preſent Worth, 4 the Rent were to be immediate- 
i= |} lyenter'd upon; but becauſe it is not ſo, therefore, for 
I the ſecond Part of the Work there is given A = 1380,2, 
4 DD, and R=1,06 ; to find P, the Principal, as in 
rs | Caſe 2. pag. 162 - 
le Thus A= 1380,2 its Log. is 227777 NSabltract _ 


2748 
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1 R = 1,06 its Log. X 9 ==, 18 0.227754 | | 
at 7 And there remains the Log. 2.912189 of $16,937,=P. Os 
n, | Viz. 8161. 18s. 94. will be the true Preſent Worth of 
„ JF that Leaſe in Reverſion, as was required, vis. for Yearly 
5 e | 5 „ 
N Bur if the Rents are to be paid either Half-yearly, or 
Quarterly, &c. then the firſt part of the Work mult be 
found as in their reſpective Examples, vis. for Halt-yearly 
n, Payments, it muſt be found as in the Example, pag. 18 1. 
i and for Quarterly Payments, as in the Example, pag. 182. 
And then proceed on as above. 8 | 


Caſe 2. To find what Annuity, or Yearly Rent in Re- 
I verſion, may be purchaſed for any propoſed Sum, at any 

i, aſſign d Rate of Intereſt per Cent. when the Time the 

en Annuity is not to be enter'd upon; and the Time of its 

to | Continuance, are both given. „ 

at Y Phe Solution of this Caſe is but the Reverſe of the laſt, 
and doth alſo require two diſtin Operations. 8 


In 8 >< 
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Find what the = propoſed to be laid out in © 


1 e Reverſion world amount to, ſuppoſing it 
Firſt & rere forborn at ibe given Rare of Intereſt, 
Au, ing the Time that the A is not to be 


in Poſſeſſion. 


Find what Anmuity, or T, rarly Rent, that ties 4 
md will purchaſe, and tar will be rhe Anf wer re- 


quired. 


Example! in Yearly Rents. 
IWhat Annnity, or Yearly Rent, to commence nine Tears 
bence, and then to continue eleven 2 ears after, may be 
| purchaſed for 816 l. 188. 94. ready —; at the Rate 
of 6 per Cent. &c. 

In the firſt Work of this Queſtion there is given, 
= 816,93), R= 1,06, and ? =) (the Times that the 
Annuity is not to be enterd pon 5) to find A, as in Caſe 1. 
page 162. 

Thus R= 1, 06 its Log 3 Multiply 


. The Product is 0.227754 Add 
Next ,v its Log, 2.912189 


The Sum is the Logar. . 137943 of rz 385,2 A the A 


5 mount of 816 J. 185. 94. "which we. muſt now call P, 


for the ſecond Part of the Work; wherein there is given 
P= 138052, R =1,06, and 1 11, (e Time that the 
Aintity is tobe enjoy'd) to find U, as in Caſe 2. pag. 183. 
Thus R= 1, 06 its 3 3 0.925 597 TMalttiply | 


The product i is the Log. o. 278366 of 1,8983 
And 1,8983 — 1 =c,3983 is the Diviſor, Ss 
Again, R=1,06 pA 4 r= ieh 


Their Product is the Logar. . 303672 of 2,0122 
And 2,0122 — 1,8983 = . 1139 the Multiplicator. 5 


Then ÞP = 1380, 2 its Log. is 3. 139943 you. 
nen 0,1139 its Log. 9.056524 


Sum 2. 2.196457 Dubſt . 
The Diviſor 0,8983 its Log. 9.953421 * 8 


There remains the 2. 2.243046 of 1 . 
| That 
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That is, 175 l: per Annum is the Rent, or Annuity re- 
quired by the Queſtion. 3 a 

But if the Rents are to be paid every Half-year, or 
every Quarter, &c. then the ſecond Part of the Work 
muſt be perform'd as in their reſpective Examples; 912. 
For Half-yearly Payments, U muſt be found, as in the 
Example, pag. 185. and for Quarterly Payments, as in 
the Example, pag. 136, &c. 8 | 


Caſe 3. Any Annuity, or Yearly Rent, and the Sum 
that's propoſed to be paid for a Leaſe of it, to commence 
after a certain Term or Number of Years are paſt, being 
given; thence to find how long that Leaſe ought to con- 
tinue'in the Poſſeſſion of the Purchaſer, allowing him any 
aſſign'd Rate of Intereſt per Cent. . es 


; This Caſe does alſo require two ſeparate Operations. 
Firſt, To find what Sum the propoſed Money to 


| Pt. be laid out in the Reverſion, would amount to, 


&c. as in the firſt Part of the laſt Caſe. 
T Having the Annuity, with its preſent Worth oy 
Then Value, and the Rate of Intereſt given; to find 
| + rhe Time, &c. as in Caſe 3. page 187. 


Example in Yearly Rents. 


Snppoſe a Debt of 8161. 18 8. 9d. were propoſed to be 
paid off, by making over a Leaſe of 175 1. per Annum 
in Reverſion, that is not to be enter'd upon by the Credi- 
tor, until nine Years are paſt ; the Queſtion is, How ma- 
ny Years the Creditor may enjoy that Leaſe, to have his 
Debt cleared, and to be allowed the Rate of 6 per Cent. 
per Annum. a. | 


For the firſt Work in this Queſtion, there is given 
P= 816,937, R=1,06, and F y (the Time before 
the Leaſe is to commence) to find A; which will be found 


9 1380, 2 as in the firſt Part of the laſt Caſe; which we 
muſt here alſo call P, for the ſecond Part of the Work. 

. | Then there will be given new P = 1380,2 U 2x1 3 
and R=1,c6; to find the : =to the Time which the 


Leaſe is to be enjoyed: As in Example t. page 187. 
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Thus P== 1380, 2 its Log. is 3-139942 Aa 
R- 1d, os its Log is 8.778151 3 . 

The Sum is the Logarithm 1. 91 809 3 of $2,812, 

Next V=); its Log. is 2.243038 cx f. 
175—82, 812 92, 188 its Log. 1.964674. £8ubſtradt, 
RI, os its Log. 18 0.02 5306)0.278364 ( II t. 

Vis. 11 Years will be the Time required by the Queſtion ; 
| —_— the Rents to be paid but once a Year. 

ut it the Rents are to be paid every Half-Year, then 
r, the Time the Leaſe is to be enjoy'd, may be found as 
in Example, page 8). And if Quarterly, then as in Exam- 
Ple, page 189, Sc. 


Now theſe three Caſes include all the uſual (and uſe- 


ful) Queſtions that relate to purchaſing Annuities, or 
taking of Leaſes in Reverſion; and altho' I've made 
choice of ſhewing how to reſolve each of them by two ſe- 
parate ard diſtinct Operations, (being, as I preſume, the 

eaſieſt Way to be underſtood) yet they may be reſolved 


at one, by a due Reduction of the tollowing Equation, 


Tur 
Putting : h . 
72 = the Time of its Reverſion ; then 
it will be UR'—U=PRI x RX R 1. 


And from hence the Value of R, vis. the Rate of In- 
| tereſt, may alſo be found; which I take to be a Work 
more of Curioſity, than of any great Uſe: For the Rate 
of Intereſt is always ſuppoſed to be known, it being one 
of the main or chief Conſiderations in all Bargains about 
taking or letting of Leaſes, Sc. And therefore the find- 
ing of R in the Caſe of Reverſions, (or indeed in the two 


ath Caſes of the two laſt Sections) is rather for a Proof of 
the Work, and to compleat the Rounds, than for an 


thing elſe. However, if any one will (out of his Curi- 
oſity) give himſelt the trouble of doing it, he may pro- 


ceed by ſuch Approximation as in the aforeſaid Sections, 


having a due regard to the different Values of t, and 7. 
But, for brevity ſake, I ſhall omit giving Examples 
thereof. ; 


= the Time the Teaſe, &c. is to be enjoy'd ; 
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LES SEEDS 
CHAP. Iv. 
Of Purchaſing Freehold or Real Eſtates, and 


how to eſtimate the Value of Annuities, 
and Leaſes for Lives, &c. 


5 LIL Freehold, or Real Eſtates, are ſuppoſed to be 
* purchaſed (or bought) to continue for ever; vis. 

without the Conſideration of any limited Time: 
Therefore the Buſineſs of computing the true Value or 


Worth of ſuch Eftates (according to Art) is grounded 


upon a Rank, or Series, of Geometrical Proportionals, 


lowing Rules are deduced. 


Sect. 1. of Purchaſing Freehold Eſtates. 


| continually decreaſing a4 infinitum ; from whence the fol- 


W- -- | here make uſe of the ſame Letters to dencte the 


L ſeveral Parts of the Queſtion, as in the laſt Chapter, 


fave only that , the Time to limit the Number of Pay- 
ments, is not concern'd. 7 i: 


C U=the propoſed Rent of an Eſtate. 


Viz. 3 P=the Purchaſe, or Worth of that Eſtate. 
R = the Amount of 11. at any Rate of Intereſt, 
hen it will de R=. 
This Equation admits of three different Caſes, 
Caſt 1. The Annual Rent of any Freehold Eſtate being 
known ; to find what it's worth in Ready Money, allow- 


ing the Purchaſer any aſſign'd Rate of Intereſt per Cent. 


Divide the propoſed Rent by the Ratio of the 


1 ) given Rate of Intereſt (vis. by R—1) and 


' the Quotient will ſhew what the Eſtate is worth 
at that Rate of Intereſt, LEO 


Example 1. 


2 Suppoſe a Freehold Eſtate of 2 50 l. Yearly Rent, were to 


be fold ; what is it worth, allowing the Buyer the Rate of © 
6 per Cent. Compound Intereſt for his Money:? 


Here 


A; 
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Here is given U=250, R= 1,06 ; to find P. 
Thus R—1 =0,06) 250,00 (4166,6667 =P. 
That is, 4156 l. 135. 44. is the Preſent Worth of that 
Eſtate; which is 15 Years and 8 Months Value, ſuppoſing 
the Rents to be paid but once a Year. | 
3 The ſame may be found by Logarithms, 

Thus U = 250 its Log. 2.397940 TSubltradt 
And R — 1 ,s its Log. . 778151 3 
There remains the Log. 3.619789 of 4166, 66 =P. vis. 
4166 J. 155. 44. &c. as above. 


Note, Here it is ſuppoſed that the Purchaſer is to enter 


immediately into Poſſeſſion of the Eſtate : Brit if it be 
au Eſtate im Reverſien, that is, not to be entered upon 
until after ſome Term of Tears are paſt ; then you muſt 
compute its preſent Worth, as in Caſe 1. pag. 196. and 
ſo om in the following Caſes, compared with their re- 
ſfecti ve Caſes in Sect. 4. of the laſt Chapter. 


If the Rents are to be paid either Half-yearly, er 


Quarterly, as moſt generally they are; | 
F Inſtead of dividing the propoſed Rent by R x, 
as above, you mmſt take ſuch a part of the Log. 
/ R the Amount of 11. as the Times of Pay- 
inet require; and the Number anſwering to 
& that part, being made leſs by 1, muſt be made 
« the Diviſor inſtead of R — 1. - 
Example in Half-yearly Rents. | 
Suppoſe the aforeſaid 2501. per Annum «vere to be paid 
by Half-yearly Rents (viz. 125 l. every Half- year) what 
world rhat Eſtate be then worth, at rhe ſame Rate of In- 
tereſt, viz. 6 per Cent.? &c. b 5 


Then 


In this Example there is given U = 125, and R = 1,06 ; 


| to find _ Thus, 


Firſt, R=1,c6 the + of its Log. is 0.012553 whoſe 
Number is 1, 295%; and 1,029553 — 1 0029 563 for | 


the new Diviſor inſtead of R — 1. | 
Then == 125 its Log. is 2.096910 Cubltrac 
Diviſor c,o29553 its Log. 8.410748 3 
There remains the Logar. 3.626162 of 4228,26 =P. 
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So that 4228 J. 55. is here the r Worth or Value of 
the ſame Eftate, which is 61 J. 115. 44, more than its 
Worth for Yearly Rents. | 9 
= Example 3. For Quarterly Rents. 
Ler it be required to find what the ſame Eſtate (viz. 25% 


per Annum) is vorth, ⁊chen the Rents are to be paid 


 Ruarterly (viz. 62 l. 105. every Quarter of a Year) at 
6 per Cent. Intereſt, &c. as before. „ 
Here is given U==6:z,5 R==1,06 to find . 
on R= 1,06 the 3 of its Log. is 0,006326 whoſe 
Number is 1,014674 and 1,014674 —1 =c,014674 the 
Diviſor inſtead of R — 1. ; - Es 
Then U=62,5 Its Log. is 1.795880 TSubſtra2 
Piviſ. 0,014674 its Logar. 8.166 548 1 
There remains the Log. 3.629332 of 4259, 4 2 P. 
Vis. 42591. 45. 944. is now the Value, or Preſent 
Worth of the ſame Eſtate; which is ſomething above 17 
Years Value. „„ 1 1 
Now from hence it plainly appears, that, although 
there is no ſuch thing as a limited Time conſidered in the 
—_— of Freehold Eſtates ; yet there is, and ought 
ue Reſpect had to the Times of their Rents. 
being paid: for according to that, their Values are more 
or leſs worth. CC 5 i: 


| Caſe 2. When any Sum of Money is propoſed to be laid 
out in a Freehold Eſtate; to find what Ainual Rent that 
Sum will purchaſe, at any given Rate of Intereſt per 
Cent. &c. Rs 5 
Multiply the propoſed Sum to be laid out in the 
Rule. Eſtate, 2 R-; viz. with t RAl¹⁰ of 
d) the: given Rate of Intereſt per Cent. aud rhe 
Product will ſbe o the Yearly Rent required. 
Example in Yearly Rents. 


0 


Sup poſe 3560 l. were propoſed to be laid out in the Pur- 
chaſe of a Freehold Eſiate ; what annual Rent would it 
buy, allowing the Purchaſer but Four per Cent. per An- 
num Jutereſt. | V = 


Bs: = 


22 1 3 ** 
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In this Example there is given P= 3560, R = 1,24, 
do find U, the Yearly Rent. 


neee 
And R 10,0 ; EMaultiply 


Product is 142,4 = 142 J. 85. = U the Yearly Rent re- 
quired. -: © 888 | 


Dr the ſame may be found by Logarithms. 
Thus P= 3569 its Log. is 3.551450 Taad 

-' R—1=0,04 its Log. is 8.6006 3 
The Sum is the Logarith. 2.153510 of 142, 4 =U. 
Viz. 142 J. 8 s. will be the Rent required, if it be paid 
but once a Lear; which is juſt 25 Years Value. 


terly, Sc. 


But if the Rent muſt be paid Half. yearly, or Quar- 


1 laid out in the Purchaſe, with R — 1 (as a- 
IIIl bove) you muſt take ſuch a } arts of the Log. of 
Then & R (vis. of the Amount of 1 1.) as the Times 

ing to that part being made leſs by 1, muſt be 

the Multiplicator inſteadof R . 
| _ Takethe ſame Example in Halfyearly Rents. 
That is, let there be given P= 3560 and R =1,04; 
9 0 to find U, the Half-yearly Rent. 


Firſt R=1,04 the 2 of its Log. is 0.008516 whoſe Num- . 
ber is 1,0198 leſs 1, is 0.0198 the Multiplicat. 


Then 3560 Xx o, 198 = 70,488, viz. 70 l. 95. 9 d. I; 
the Half. yearly Rent. . . 
Or, having found the New Multiplicator, as above; 
Then i =3860 its Log, is 3.551450 Na . 
Multiplicat. o, o198 its Log. 8.2 96665 „„ 


The Sum is the Logarith. 1.848115 of 50, 488 = „ | 


- hz. 70 l. 95. 9. is the Half-yearly Rent, as before. 
| Example 3. For Quarterly Rents. 


Suppoſe the ſame Sum of 3560 I. were propoſed to be laid | 


ont in the Purchaſe of a Frechold Eſtate ; and it were re- 
_ quired to find «what Suarterly Rent it would buy, at the 
FEET 5 

5 ä Here 
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, Inſtead of multiplying the Sum propoſed to be | 


| Payment require, and the Number anſwer- 


B - i 
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| Here is alſo given P = 3560 and R =1,04 3 to find U, 
the Quarterly Rent. Thus, 

Firſt R= 1,04 the 4 of its Log. is 0.0042 58 whoſe Num- 


ber is 1,00986 and hace the New 
Multiplicator. 


Then 3560 * 0,00985 gives 35,1 5 vis. 350 2 f. =U, the 
Rent to be paid every Quarter; ; which is leſs than the 


F of the Annual Rent by 10 s. per Quarter. 


W Whence it plainly appears, that the leſs the Intervals of 
the Times are, betwixt the Payments of the Rents, the 


more valuable the Purchaſe is; & vice verſa. 


Caſe 3. The Annual Rent of any Freehold Eſtate, and 
the Sum that is paid for i it, being known; to find what 
Rate of Intereſt per Cent. is allow d to the Purchaſer. 

Divide the Annual Rent by the Sum that is paid 
Rule. 3 for the Purchaſe, and the Quotient will ſhew 
e * rhe Ratio of the Rate of TM per Cent. 


Example. 


| Suppoſe a Freehold Eftate of 250 l. per Annum, coſt 


4166 J. 13 8. 4 d. what Rate Y Intereſt per Cent. 7s allo d 
the Purchaſer ? 


In this Example there i is given U== 250, 22 41 65 667, 
1. to find R, or rather R — 1, the Ratio of the Rate. 


Then it will 


\ 


'Thus 4166, 657) $10,909 (0.06 R l. 
be, As 1: is to 0,05 : : So is 100: tos, the Rate of In- 
tereſt per Cent. a8 was required. 

Or by Logarithms; thus, 


Firſt U=250 its Log. is 2.397940 
And P = 4166,667 its Log. 3.619789 Jubla 


The Difference is the Log. 8.78151 of o, 6 = R — 1 
Or to the laſt Log. add this 2.000000 of 100. 


| The Sum will be the Log. 0.7 164518 of 6 the Rate of In- 
1] tereſt per Cent. as before. 


Thus far concerning ſuch . that are about In- 
tereſt, Annuities, or Leaſes, &c. as are limited by any aſ- 


ſign d Time, and Real Eſtates that are purchaſed to con- 
tinue for ever; and 'tis only ſuch that can be com N by 
any certain Rules: However, it may not (I preſume) be 


unacceptable to the Reader, if [ proceed a little further, 


and 
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and inſert a brief Account of ſuch Helps to eſtimate the 
Values of Annuities, or Leaſes for Lives, as arc propoſed 
by two very Ingenious Perſons. N 


Sect. 2. How to eſtimate the Value of Annuities, or 
r = 


T HE Way generally uſed in buying of Annuities, cr 
1 lettirg of Leaſes for Lives, is only by an imaginary 
Valuation, grounded upon Cuſtom, and not upon any Con- 
fideration that is had to the Age of the Perſons whoſe 
Lives are to be inſerted in the Leaſe, dc. *Tis true in- 
dced, that there can be no certain Rules preſcribed for 
their true Valuation, becauſe the 3 all Mankind 
are uncertain; and 'tis poſſible, and daily ſeen, that a 
young Man may die before one of a greater Age: But yet 
there is a greater probability of a young Man's living lon- 
ger than an old one; and not only ſo, but there's a pro- 
portional Likelihood of the Length of Mens Lives, accor- 
ding to their different Degrecs ot Age. Which being duly 
coniidered, mult needs be f.und of good uſe in eſtimating 
the Values of Annuities or Leaſes for Lives, much better 


than by a mere Gueſſing only, as uſual: And that ſucha 
propertional Likelihood is worth che Conſideration, will # 


. appear from what follows. 


I. Sir William Petty, in a Diſcourſe of his, made be 
fore the Royal Society (Aub 1674.) concerning the Uſe. 
of U - Proportion, doth amongit other things apply 


it to the Life of Man, and its Duration, thus: 8 
It is found by Experience (ſaith he) that there are 
more Perfors living of between 16 and 26 Years old, than 


of any other Age or Decad of Years in the whole Life of 


Man, (which David and Experience ſay to be bet teen 19 
and 8 Years.) The Reaſons whereof are not abſtruſe; 
ig. becauſe thofe of 16 have paſs'd the Danger of Tecth, 
 Convulſions, Worms, Rickets, Afeazles, and Small-Pox for 
the molt part: And that thoſe of 26 are ſcarce come to 


the Ger, Stone, Dropſy, Palſies, Lethargies, Apoplexies, | 


and other Infirmities of Old Age. Now whether theſe be 
ſufficient Reaſons, 3s not the preſent Enquiry ; but taking 
the aforemention'd Aſſertions to be true, I ſay, that the 
Roo:s of every Number of Men's Ages under 16 («vhoſo 
. 25 Kot 
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Root is 4) compared with the {aid Number 4, doth ſhew 


the Proportion of the Likelihood of ſuch Mens reaching 
to 70 (or So) Years of Age. 7 op 
As for example: "Tis tour times more likely, that one 


of 16 Years old ſhould live to 70, than a new-born Babe. 


"Tis three times more likely, that one of nine Years old 


ſhould attain the {ſaid Age of Jo, than the ſaid Infant. 
Moreover, 'tis twice as likely, that one of 16 ſhould reach 


that Age, as that one of 4 Years old ſhould do it; and one 
third more likely, than for one of 9. 


On the other hand, Tis five to four, that one of 23 
Years old will die before one of 16; and fix to five, that 


one of 35 will die before one of 25 ; and three to two, thar 
the ſame Perſon of 36 ſhall die before him of 16: and fo 
forward, according to the Roots of any other Year of the 
declining Age, compared with a Number between 4 and 
5 (viz. ww7th 4,58) which is the Root of 21, the moſt hope- 
jul Year for Longevity, as the Mean between 16 and-26 ; 


and is the Year of Perfection, according to the Senſe of 


our Law, and the Age for whoſe Lite a Leaſe is molt va- 
luable. | 4 


To prove all which, I can produce the Accompts of 


every Man, Woman, and Child withina certain Pariſh of 
330 Souls ; all which particular Ages being added toge- 
ther, and the Sum divided by the whole Number of 
Souls, made the Quotient between 15 and 16 : which I 
call the Age of that Pariſh, or Numerous Iadeæ of Longe- 
Nn there... 5 55 

Thus you have a Learned Gentleman's Opinion con- 
cerning the Likelihood of the Length of Mens Lives, ac- 
cording to the Rules of Duplicate Proportion; which was 
a very ingenious Thought of his: But I muſt beg pardon, 


that I cannot agree with him in that part of it, which aſ- 
| ſerts, That 21 Years is the Age for whoſe Life a Leaſe is 
| the molt valuable. For although 'tis true, that according 
to our Law, a Man is ſaid to be then at his Perfect or Full 


Age, as to the Enjoyment of an Eſtate, or Managing his 


Affairs without a Guardian, E9c. yet I ſhould rather ad- 
here to the Cloſe of his Diſcourſe, wherein he ſays, That 


he found, that if the Sum of all the Ages of the 330 Souls 
* 1 Pariſh) being divided by their Numbers, 
made the 


luable; 
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Quotient between 15 and 16, Whence I take 
16 to be the Age, for whoſe Life a Leaſe is the molt va- 
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luable; and upon that Suppoſition J have calculated the 
following Table, according to the aforeſaid Rules of Du- 
plicate Proportion. 


208 


N | | = | 
Asses Tears Purch| Age|Nears Pur. Ages|[Years Pur. 
E11 2,0 f J 7,20 [4 57 5,04 | 
t 6,46 [ 56 4,81 
11 7,46 | 36- PJ, oo J]: 61-F- 460 
. 16 9,00 41 | 5,62 [66 4, 43 
|. 318 n 13 46 * r a7 


This Table ſhews, by Inſpection, the Value of every 


five Years of any ſingle Life, from the Birth to 75x Years | 


old. Suppoſing that any Annuity, or Leaſe, Ec. is really 
worth nine Years Purchaſe for one Life ; which is accor- 
ding to the Rate that the Annuities ſettled by a late Act of 
Parliament for Lives, were valued at, and from thence 
the reſt are computec. 885 
As for inſtance: An Annuity, or Leaſe of 100 J. per 
Ann. is by this Table worth 900 J. (viz. 9 x 100) for the 
Life of one that is about 16 Years old; and 'tis worth but 
6001. for the Life of one that is 36 Years old, and but 
250l. for the Life of a Child of a Year old: And ſo on 


for any other propoſed Annuity, or Leaſe, and Age of | 


the Perſon for whoſe Life it is to be purchaſed ; which is 
ſo eaſy to apprehend, that I need {ay no more of its Uſes, 
but proceed to the next. 5 1 

2. The Ingenious and Great Mathematician, Dr. Ed- 
mund Halley, Savilian Profeſſor of Geometry in the Uni- 
verſity of Oxford, hath (in the Philoſophical Tranſactions, 
Numb. 196.) given us a molt excellent Eſſay to eſtimate 


the Degrees of the Mortality of Mankind, which he de- 


| duced with a great deal of Art and Labour, from curious 
Tables of the Births and Funerals that were in Bre/law, 

the Capital City of the Province of Sileſia in Germany, 
for five Years ſucceſſively, viz. from the Year 1687, to 
1691 inclufive, drawn up Monthly by one Dr. Newman of 

that City, and communicated to the Royal Society here; 
ſrom whence Dr. Halley hath form'd the following Table: 
which is, without doubt, very carefully and exactly done, 
and does give a more perfect Account of the ow 299 
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Condition of Mankind in reſpe& of their Chances of Mor- 


tality at all Ages, and conſequently how to eſtimate the 


Values of Annuities, or Leaſes for Lives, better than by 
any other Method ever propoſed before it. The Table 
does ſhew the Number of Perſons that were living in their 
reſpective Ages Current annexed thereto, as follows. 


Ages Perſ. Ages Per. 4 
Cur. Liv. Tur. Liv. 


2 Per ſons Ages Perſons 


Cur. | Living |ICur. | Living. 


1 — 


loc 22 | 586 [43 | 417 || 64 202 
8551] 23] 579 [] 44 ] 407 [| 65 [ 192} 
798 [| 24] 573 [] 45] 397 66182 
760 251 567 JI 46 | 387 [| 67] 172 | 
732 [] 26 | 560 47377 [| 68] 152] 
710427 | 553 [48 357 [| 69] 152 | 
659228 546 [49 357 [| 70 | 142 || 
} 68 [| 29] 539 J] 50 | 346 [1131 
570 3of 531 FÞ 51 | 335 F] 72 | 120 
56131 523 52 | 324 [| 73] Tog9 
65332 51553313 1 74] 95] 
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11 
| 12 | 646 | 33] 507 [154 | 302 [[ 88 
13] 64o[] 34] 499 [| 55 | 292 [155] 58 
14] 63435 490 56 | 282 us 68 
15] 62836 487 [57 272 1 
16 622 [37] 472 [58 262179] 49 
17 646 |] 38 } 463 [59252 So] 47 
18 610] 39] 454 [| 60 | 242 [Þ Sr] 34 
i9 | 60440 4454] 61 q 232 [82 2 
20 598 41 | 436 | | 62 |: [ 831 23 
| 21] 592 I] 421} 42) | 63 F212 I 841 20 


This Table may be applied to very many Uſes, but I 


Thall only inſert what may ſuffice for the ry Purpoſe. 


1. The firſt Uſe is to ſhew the differing Degrees of 


Mortality, or rather Vitality mall Ages; tor if the Num- 
ber of Perſons of any Age remaining after one Year, be 
| divided by the Difference between that and the Number 
of the Age propoſed, it ſhews the Odds that there is, that 


a Perſon of that Age does not die in one Year. hs 
As for inſtance, a Perſon of 25 Years of Age has the 


Odds of 560 to 7 (vis. 30 to 1) that he does not dio in a 


Ee 5 eur; 
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Year ; becauſe that of 56) Perſons living of 25 Tears of 

Age, there do die no more than 7 in a Year, leaving 560 

of 26 Years old. Or, LINE 
2. If it be required to find the odds, that any Perſon 


does not die before he attain to any propoſed Age; Then 


Take the Number of the remaining Perſons of the Age 
propoſed, and divide it by the Difference between it and 
the Number of thofe of the Age of the Party propoſed ; 
and that ſhews the odds there is between the 8 of 
the Party's living or dying. . 


As for Inſtance: What is the odds that a Man of 40 | 


may live 7 Years? Take the Number of Perſons of 47 


Years, which in the Table is 357, and ſubſtract it from 


the Number of Perſons of 40 Years, which is 445, and 
the Difference is 68, vis. 445 — 377 =68, which ſhews 
that the Perſons dying in the ) Years are 68, and that 'tis 
377 to 68, or 57 to 1, that a Man of 40 does live 7 Years: 
And the like for any other Number of Years  _ 
3. And if it be required to find at what Number of 
| Years, it is an even lay, that a Perſon of any propoſed 
Age ſhall die, this Table readily performs it : For if the 
Number of Perſons living of the Age propoſed be halv'd, 
it will be found by the Table at what Year the ſaid Num- 
ber is reduced to half by Mortality ; and that is the Age, 
propſed ſhall arrive to before he die. 5 

s for inſtance, a Perſon of 30 Years of Age is pro- 
poſed; the Number of that Age is 531, the half of it 
It 265; which Number I find to be between 57 and 58 
Years : So that a Man of zo may reaſonably expect to 
live between 27 and 28 Years. 


to which it is an even Wager, that a Perſon of the Age 


4. By what has been ſaid, the Price of r | 


covered between the Price of inſuring the Life of a Man 


Lives ought to be regulated, and the Difference is 


Sf 26 and one of 50 Years Id. 

For example; It being ico to r, that a Man of 20 dies 
not in a Year, and but 38 to 1, for a Man of 50 Years of 
Age. JJ)... 88 

5. And upon theſe Proportions depend the Valuation of 
Annuities for Lives : For it is plain, that the Purchaſer 


ought to pay only for ſuch a Part of the Annuity, as he 


| bath Chances that he is living; and this ought to be com- 
puted ycarly, and the Sum of all thoſe yearly Values be- 


7mm... ß ———'——eü Oe EO NE ROY 2 
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every fifth Year of Age to the ſeventieth. 
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ing added together, will be the Value of the Annuity for 
the Life of the Perſon propoſed. Now the preſent Value 


of Money payable after any Term of Years, may be eaſily 


computed by Caſe 2. Page 162. at any given Rate of In- 
tereſt, el Ii DE oo 


Term of Years, to the Number dead; ſo are the 
'4 Odds that any one Perſon is alive or dead. 
And by conſequence, as the Sum of both, or the 


Number of Perſons living of the 3 firſt pro- 


Poſed: To the Number remaining after ſo many 


1 Then & 7747s (both being given by the Table) : : & 7s the 
preſent Value of the yearly Sum payable after the 


Term propoſed : To the Sum which ought to be 
aid for the Chance the Perſon has to enjoy ſuch 


an Annuity ſe many Years. And this being re- 


} Peated for every Tear of the Perſon's Life, the 
Sum of all the preſent Values of thoſe Chances is 
Crhe true Value of the Anuuity. es 


NTDTow becauſe the Work of theſe Proportions is ſomewhat 
troubleſome to perform, the ingenious Author hath been 
ſo kind as to take the 3 was not a little) to 


calculate the following Table; which ſhews the Value of 


1 Annuities, or Leaſes, Ec. (at the rate of 6 per Cent.) for 


1 
— 


f Ages Tears Purch.|| Ages|Years Pur. Ages Hrars Pur. 

11 10, 28 | 25 12,27 50 9721 | : 
5] 7549 30 | 1172 [5 8,71 

| 10 13, 44 || 35 11,2 | 60 760 | 

| 75 13, 33 49 | 10,57 [| 65] 6454 |} 

1291 12,8 3 SPE 170 1 $452 1 


—— 


| This Table being of the ſame nature with that in 


Pag. 208. there needs no other Explanation or Example | 


to ſhew its Uſe, than what has been already ſaid about 


that Table: Only here I muſt again beg leave to give my 
Opinion about the Difference of the Proportions in tas 

two Tables; which is, that as the Table in page 208. may 

not be thought a ſufficient Guide to be depended upgn ip 


Ee 2 


As the Number of Perſons living after that 


\ 
v 
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yo ee, the length of Mens Lives, Sc. becauſe it is only 
deduced from the bare Rules of Art, vis. that of duplicate 
Proportion; fo, on the other hand; I doubt the Eſtimates 
of the Value of any Annuity taken from this Table, will 
be found too great in this Country, (vis. in England) 
which I much fear hath not ſo good or ſalubrious an Air, 
as that at the City of Bre/aw, from whence theſe Calcu- 


_- lations are drawn: But if in imitation hereof the Curious 


in other Citics and large 'Towns would attempt rag peek. 


of the ſame nature ; then, without all doubt, this Method 


of eſtimating the Probability of the length of Mens Lives 
would prove the beſt, and become more univerſally uſeful, 
than can be expected from this one ſingle Inſtance, more 


eſpecially if ſuch Obſervations were continued for any con- 
ſiderable time, as 20 or 30 Years ſucceſſively, And then 
it would be well worth the time and pains to calculate 


E er Tables of the Value of Annuities, or Leaſes, c. 
t 


for two, and for three Lives, ncconding to the fol- 
lowing Rules; which are deduced from the former Table. 
And, Firſt, two Lives being propoſed, their Values 


may be thus found. 


If the Number of Chances of each fingle Life, found | 
in the Table, be multiplied together, the Product is the 


Chances of thoſe two Lives; and after any certain Term 


| of Years, the Product of the two remaining Sums will be 
the Chances that both the Perſons are living: And the 


Product of the Differences being the Numbers of the 


Dead of both Ages, will be the Chances that both the Per- 
ſons are dead. | | 


A, rhe Product of the two Numbers in the 


| Zable for the two Ages propofed : Is to the Dif- _ 
1 ference between that Product and the Product of © 
Then < the two Numbers of the Perſons deceaſed in any | 
8 given Space of Time :: So is the Value of a © 


| Sum of Money to be paid after that Time: To 
the Value thereof under the Contingency of Mor- 
Cality. „77 ¼— 


And if three Lives are propoſed, to find the Value of an 


Annuity during the continuance of thoſe Lives ; Then 
As the Product of the continual Multiplication of the 


| three Numbers in the Te able, anſwering to the Ages pro- 
Fofed : Is ro the Difference of that Product, and the Pro- 


. 


Auct of the three Numbers of the Vece aſed of thoſe Ages | 
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in any given Term of Years :: So is the preſent Value of 
2 Sum of Money, to be paid certainly after ſh many 


i 
| 
; | 


granted for thoſe Liyes, 


pute the pre 


Tears : To the preſent Value of the ſame Sum to be paid, 


provided one of thoſe three Perſons be living at the Expi- 


ration of that Term of Tears. 


Theſe Proportions being n the Sum of all . 


thoſe preſent Values will be the Value of the Annuity 


Theſe Rules are explain'd at large by their Author, 
both Algebraically by Letters, and by Geometrical Figures: 


And he l s on (by the ſame Method) to com- 
ent Value of the Reverſion of any Annuity, 


or Leaſe, either of one Life after another, or after two 


Lives, c. The which being not only too long a Diſcourſe 


to be inſerted in this ſmall Tyeatiſe, but alſo too difficult 
a Piece of Work for any ordinary Arithmetician to under- 


take; I have therefore omitted it, and refer thoſe that are 
curious, and defire further Satisfaction therein, to the 


aforemention'd Philoſ. Tranſ. Numb. 196. and ſhall only 
add this ſerious Obſervation : viz. How unjuſtly we gene- 


rally repine at the Shortneſs of our Lives, and think our- 
ſelves wrong'd if we attain not to Old Age: whereas it 


appears, that the one half of thoſe that are born, do die 


in ſeventeen Years Time. For by the aforeſaid Bills of 


2 at Bre/lawv, it was found, that 1238 were in that 
time re 


ceſſary Condition of our periſhable Materials, and of our 


nice and frail Structure and Compoſition 3 and to account 


it as a great Bleſſing that we have ſurvived (perhaps by 


many Years) that Period of Life, whereat the one half 


of the whole Race of Mankind does not arrive, 5 
Having now gone through all the general Caſes of In- 


tereſt, and Annuities, Sc. I deſign'd to have concluded 
here; but becauſe the Buſineſs of Rebate or Diſcompt of 
Mloney paid before the Time it becomes due, comes often 
into practice upon ſeveral Occaſions; and being but juſt 
touch d upon in page 136, and 162. altho' even what is there 
done, being duly conſider'd, might be ſufficient: yet, leſt 


I ſhould be thought too ſhort or remiſs in ſo uſeful a Part 


ol Intereſt as that is, it may be convenient to proceed a lit- 
ile further, and lay down particular Rules for that Purpoſe. 


e 


uced to 616. So that inſtead of murmuring at 
what we call a Short Life, we ought with Patience and 
Unconcern to ſubmit to that Diflolution, which is the ne- 
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Jo find the Rebate and Dj N of any pro. 

poſed Sum, & c. and the true Panared® me 
of ſeveral Payments; either at Simple, or 
Compound Intereſt. 


Se. 1. To ns the true VOTRE of any Sum, at any 


Rate of Simple Intereſt. 
De J== the Sum propoſed to be diſcompted for; 


7 = the Interval of Time it becomes due; 
=the Ratio of the Rate of Intereſt er Cent, 
And D= the Diſcompt or Rebate ſought, 


TRS 
Then it will be PET =D, 


Which in Words gives this following Rule. 


Firſt multiply the given Time with the Ratio of” 
1 (us Rate of Intereſt, and to their Product add 5 

I Hat Sum ⁊vill be the Diviſor. 
Rule. Newt multiply the firſt Product and the Sum 
that is to be diſcompted for, and that Product will 


be the Dividend; the Quotient ariſing from rence | 


; Laoill ſhew the Dij iſcompt requir d. 
Example. 


Let it be required 70 find what Diſcompr ought 70 be 
allowed for 35601. if it be paid 273 Days before it be- 
comes due, at the Rate of 6 per Cent. per Annum, Simple 
Intereſt ? 
ere is given S= 3560, T= = 2,74794, (found by the 
Table 1 in Pag. 141.) and R o, 6; to find Y. 
| pie £74794 X 0,06 = 0,044876. 5 
And O, 044876 +1, is 1, 044876 for the Diviſor. 
Text 0, 044876 X 3560 = 159,758 56 the Dividend. 
Then 1,044$76) 159,7 5856 (152,897 =D. 
That i Is 152 U 185. fere, will be the Diſcompt requir' 4 


The 


C 


2 


a XK*=« 


)- 


J 
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The ſame perform'd by Zogarichms. 


| Fit, Tae 4794 its Log. 9.873867 7 
| Firth, 174794 g. 9.873 ' T aaa, 


And R= o, os its Log. is 8.778151 


The Sum is the Log. 8.652018 of o, 044876 
Next S = 3560 its Log. is 3.551450 add to the laſh 
' Sum 2.203468 


: ©9044876+1=1 044876 Log. o. oi 9066 T ubdrag . 
There remains the Logar. 2. 184402 of 152,89); that is, 
2 52 l. 185. as above; which being ſubſtracted from 3 560 l. 


the propoſed Sum, there will remain 340) l. 2 5. the Sum 
to be paid in ready Money; as may be eafily proved by 
making it a Principal, and then finding what it would 
amount to in 273 Days at 6 Fer Cent. which, by Caſe 1. 
page 134. will be juſt 35601, Conſequently the Diſcompt 
| Secondly, To find the true Rebate or Diſcompt of any 

Sum, at wy given Rate of Compound Intereſt. 
Let us _ S, t, and D, to repreſent the ſame Parts 
of the Queſtion, as before; and R, to denote the Amount 
of 1 J. Sc. as in page 161. | 
- = D. 


Then will bs us 
And from this Equation is deduced the following Rule. 
 f Multiply the Logarithm of R the Amount of 


'q 11. az the given Rate of Intereſt, with the Time, 
and the Number which belongs to their Product 


SR. 5 


'Y vill be rhe Diviſor. © 


{| rhe Remainder with the propoſed Sum that is to 
be diſcompred for, and that Product will be the 
Dividend; the Quotient ariſing from thence will 
Nhe u the Diſtompt required. {FF 
ES NV 
Sup poſe it were required to find what Di ſcompt or Re- 


| _ From that Number ſubſtraf 1, then multiply 


vate muſt be allow'd for the Payment of 956 l. io s. nine 


Months (viz. 4 of a Tear) before it becomes due, at the 


Rare of Five and a Half per Cent. Compornd Intereſt, 
In this Queſtion there is given S 956,5, #S=0,75, and 


R= 1,055 ; to find D. 


F ir, 


216 Of Rebate or Diſcompt, 


Firſt, R = 15055 . 101 y 8 4 TMultiply 


The Product is the Log. 0.017439 of 1,04097 the Di- 
viſor : And 1,409) — 1 o, o409) will be the Multipli- 
cator: And 956,5 X 0,94097 = 39,1818 the Dividend. 
Then 1,04097) 39,1878 (37,645 =D; vis. 371. 125, . 


10 4 4. is the Diſcompt required. _ 
Or, having firſt found the Diviſor, and by it the Mul- 
tiplicator, as above; then the reſt of the Work is very | 
eaſily perform'd by Loglaichens 35358 I en 
Thus S= 956,5 its Logar. is 2.980685F _ 
Thus $ agen i Fe, fe 
Multiplicator 0,04097 its Log. 8.5 2466 4 
OW ra Sum 1.593151 
Diviſor is 1,04097 its Log. is 3 Subſtract | 
There remains the Logarith. 1.575712 of 37,645, vis. 
371. 125. 1044. is the Diſcompt required, as above; 
which being taken from the 9561. 10 f. leaves 918 J. 175. 
134. the Sum which is to be paid in ready Money; as 
may be tried, by making it a Principal, and then finding 
what it would amount to in 4 of a Year at the Rate of Five 
and a Half per Cent. the which, by Caſe 1. Pag. 161. will 
be found to be juſt 956 J. 10s. Therefore, Ec. . 
If theſe two Rules, and their Examples, be a little con- 
fider'd, I preſume it will be very eaſy to conceive how to | »57 
find the true Diſcompt or Rebate of any one propoſed * 6: 
Sum of Money, due at the end of any given Interval of | pe 
Time, and any given Rate, either of Simple or Compound P 
Intereſt, according as the Queſtion is 1 
And if it be required to find the whole Diſcompt of | pe 
_ ſeveral Sums, due at the end of ſeveral different Intervals | 
of Time, it is but com ting them at ſo many ſeveral | f 
Operations; and then the Sum of all thoſe particular | qu 
Diſcompts being taken from the total Sum of all the Debts, | 
will leave the true Diſcompt required. 15 
5 As for inſtance; 5 „„ 
Suppoſe A were indebted to B 7501. to be paid at three 8 
ſeveral Payments, in this manner ; viz. 2 50 l. at the end | © 
of one Year and a half, 100 l. to be paid at the end of two | 
Nears, and 400 I. at the end of four Mars; the 82 1 
is, To find how much of the 750 l. B ought to rebate or . 


75 
. - . R 
di,, 
g E's 
; k Ph 
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- Diſtompt, at Six per Cent. per Annum Simple Intereſt, to 


R AE ad $ 


* r 5 2 een 


B 
T 


The Diſcompt 15 100 l. for 2 Years is 11,0003 > 


Have His auhole Debt diſcharged by A in preſent Money ? 


According to the Data in this Queſtion. the particular 
Diſcompts (found by the firſt Rule in this Section) will be 


theſe following: 


2 50 J. for 1,5 Lear is 20,6423) 


© The Diſcompt of & 100 J. for 2 Years is 10,7142 Add 


400 l. for 4 Years is 77,4193 
Conſequently the whole Diſcompt is 108, 88 
Then if from 750 l. the whole Debt, there be ſub- 


 racted..... 108,7958 the whole Diſcompt, there 


will remain .. 641, 2242 = 641 J. 45. 544. which is the 
true Sum that A muſt give to B, in preſent Money, to be 
diſcharg'd of his Debt. 3 . 
Again, Suppoſe the ſame things given as above, and let 
it be requir'd to find the particular Diſcompts, Ec. at Com- 
pound Intereſt. 5 3 
Then, by the ſecond Rule in this Section, the Work 
will ſtand thus: „„ 85 
2501. for 1,5 Lear is 20,9238 
Add 
400 J. for 4 Years is 83, 1633 8 


Sum is 115,0874 


| Then 115,0894 taken from 7500. leaves 634,9126, vis. i 
6341. 185. 3 4. is now the Sum which A is to give B, in 
4 preſent Money, to be clear of his Debt. | hs, Pa 


This is ſo plainly to be underſtood, that I preſume it's 


| needleſs to ſay any more in Proof of it, than what has 
been already ſaid in Page 215, and 216. 


And from hence naturally flows the following Method 


of finding the true Equated Time, wherein ſeveral Sums; 


due at ſeveral Intervals of Time, may be paid at one en- 
tire Payment, without any Loſs, either to the Creditor or 
Dedtor. 


SeR. 2. The Equated Time of Payments truly determin'd, 


E uſual Rule laid down in divers Treatiſes of Arith- 


metick and Intereſt, &c. for finding of an Equated 


Time for the Payment of ſeveral Sums of Money due at the | 


End of unequal Intervals 


of Time, is to this Effect. 
Ff : 


Rule, 


213 Of Rebate or Diſcompt, 


Multiply every ſingle Sum of Money with the : 


Time it becomes que ; and divide the Sum of thoſe 


Rule. Q Products by the Total Debt ; and the @wotien: 
will be the true Time (ſay they) at which all the 


Money ought to be paid. RW 
I ſhall paſs over all the Arguments that are made uſe 


of pro and con, by Mr. 7ohn Kerſey, in his Book of | 
Arirhmetick, and by Sir Samuel Morland, in his Doctrine 


of Intereſt, and other Authors, about tho Erroneouſneſs 
bol this Rule, as alſo the Rules they lay down inſtead of 
it; and ſhall only proceed to ſhew how the true Equated 
Time may be found, from what hath been already done 
and proved. Se Dr np Ceo, 
When any Number of Payments are propoſed to be 
paid off at one entire Sum; then, in order to determine 
the Equated Time for the Payment of that Sum, you 
muſt rſt find the particular Diſcompts of all the pro- 


poſed Payments, whoſe Times are to be Equated, ac- 


cording to the given Intervals of thoſe Payments, at any 
Rate, either of Simple, or Compound Intereſt, as ſhall 

be agreed on by the Parties concerned; and by thoſe 
Diſcompts find the preſent Sum that would clear the 
Debt, it it were immediately paid; (as above.) 
Eibe Sum of all thoſe particular Di ſcompts, 
e divided by the Product of the preſent Sum 
Then Diaultiplied with the Ratio of the ſame Rate of 
AAztereſt by which thoſe Di ſcompts were computed, 
the Quotient will he the true Eguated Time 
required at Simple Intereſt. ES; 


For an Example of this Rule; 


Ter it be requir'd to find the true Equated Time, where- 


in the aforeſaid three Sums, due from A to B, (as in the 
_ laſt Inſtance) may be ſafely paid without Loſs to either, &c. 

There the Sum of all the particular Diſcompts at Six 
Fer Cent. Simple Intereſt, is fo 


750 — 108,758 = 641, 2242 the preſent Sum, if it were 
to be immediately paid, _ ey i 


hben, by the Rule above, 641,2242 X 0,06 = 38,47345 f 


will be the Diviſor; and 108,758 the Dividend. Then 
28,47345) 108, 7758 (2,8273 is the Quotient; that is, 2 
ears and 302 Days will be the Time when A may pay 


unto & his whole Debt of 7 50 J. without any Loſs to either } 
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” "The ſame found by Logarithms. = 
Sum of Diſcompts 108.7758 its Log. 2-036544 


Preſent Worth is 641,2242 its Log. 2807010 Raga ; 
Ratio of the Rate is o, os its Log. 8.778151 


From the firſt Log. ſubſtr. this Log. 1.585161 Sum. 
There remains the Logarithm ©.451383 of 2.8273 


viz. 2 Years and 302 Days will be the true Equated Time 
required by the Queſtion ; as before. 


For if the 1 be {truly found, then it cannot be 
denied, but that the Preſent Worth of the whole Debt may 


by them be truly found: And, I ſay, if that Preſent Worth 
be made a Principal, and the 1 


| quated Time (as here 
found) be made the Time of that Principal's being forborn 
at the ſame Rate of Intereſt, it will be found (per Caſe 1. 


pag. 135.) to amount to juſt the whole Debt; therefore 


the Equated Time is here truly found. 

And if it be ue to end the Equated Time at any 
propoſed Rate of Compound Intereſt, you muſt proceed 
in the ſame manner to find all the particular Diſcompts 
of the given Sums, and by them the preſent Sum that 
would clear the Debt, if it were immediately paid; as in 


P a „ 


Vibe Tag. of the preſent Sum be taken from 
the Log. of the Total Sum of all the Debts, and 
the Remainder be divided by the Log. of R, the 
Amount of x1. at the ſame Rate of Intereſt by 
which thoſe Diſcompts were computed z the Quo- 
tient will ſhew the Equated Time requir'd. 
355 As for Example : 
Suppoſe it were requir d to find the Equated Time at 
Compound Intereſt, wherein the 7501. duefrom A to B, in 
the ſame manner as before, may be paid at one entire Pay- 
went, without Loſi, Ke. N 
Then the Sum of all the particular Diſcompts, found at 
5 per Cent. Compound Intereſt, is 115,0874 | | 
And 750— 115,0874 = 634,9126 is the preſent Sum that 


Then 


1 would diſcharge the Debt, if it were immediately paid, _ 
as in page 217. Then, by the Rule above, it will be 


750 its Logarithm is. 2.875061 EE 

' Preſent Sum 634, 9126 its Logar. is 2.802714 $8ubtr - 

R = 1,36 its Logar. is g. 025 306) 0.072347 (2,8588 
That is, 2 Years, and 313 Days, is here found to be the 
„„ on 


4 
» WY SH. 3 4 
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Equated Time that A muſt Pay the 50 . unto O, at one 
entire Payment; which is but 11 Days more than the 
Time found at Simple Intereſt. 3 

And the Truth of the Equated Time thus found at 


Compound Intereſt, may be cafily proved (by the help of 


Caſe 1. pag. 151, &c.) in the ſame manner as that of Sim- 
ple Intereſt was in the laſt Page. 


POSTSCRIPT. 


ATOTE, Juſt after Se8. 1. of Simple Intereft, ſhould follow 
th is Scholium, which accidentally is left out of its pro- 


2 — 


per place: However, rather than it ſhould be wholly omit- 


ted, I have inſerted it here, with a brief Application of it. 
DF SCHOLI UM. . 


| Altho it be according to the Laws and Cuſtom of England to 
compute Intereſt at the Proportion of 6 per Cent. per Ann. vix. 3 I. 


per Cent. for 6 Months, and 30 s. per Cent. for 3 Months, &c. yet 


| he that takes up Money at that Rate of Intereſt for any Time 


leſs than a compleat Year, pays more Intereſt than ſeems rea- 
ſonably due, according to the ſtrict Rules of Art. 

As for inſtance, If 100 1. be forborn at Intereſt 12 Months, 
it amounts to 106 J. which is juſt: But (I ſay) it ſhould not 
amount to 103 J. in fix Months; nor to 101 J. 105. in 3 
Months ; as appears from this Proportion. | 


Let a= the Amount due at the end of 6 Months; then it 
will be, As 100: 4: : 4: 106 the true Amount at the End 
of 12 Months: Ergo, aa = 10600, and a =/ 10600= 1029563 


Sec. which is leſs than 103; and if it be paid at the End of 


3 Months, then it will be //102,9563=101,4673 Fc. which 
is leſs than 101,5 So that the quicker the Payments are, the 


reater the Error muſt needs be, which in large Sums, and 


little Intervals of Time, will be very confiderable ; as is ma- 


nifeſt from this following Example. 


Suppoſe the Crown avere indebted Ten Millions, viz. Icoooeoo I. 
and were to pay after the Rate of 6 per Cent. per Ann. Simple In- 


tereſt for it: Then the Intereſt of that Iooooooo l. wonld be 600000 l. 
for 12 Months, <vhich is really true: And according to the uſual Pro- 


portion of Payments, the Intereſt would be 300000 |, for 6 Months, 
and 150000 I. for 3 Months; <whereas in reality, the Intereſt of 
1c000000 1. ſhould be but 2956301. 2 8. 9 d. for 6 Months, and 


but 146738 J. 9s. 3 d. inſtead of 150000 Il. for 3 Months, which is 
3261 J. 10s. 9 d. too much. At 1 


And this may ſuffice at this Time, as a Hint, to ſnew what 


voaſt Advantage the Money Merchants make in any Government 


that's forced to take up Money, and pay the Intereſt for it at 


mort Intervals of Time, as Quarterly, or Monthly, &c, 
TTV | 


